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ABSTRACT
. \
The purpose of this research is to develop algorithms for mapping terrain
. ' characteristics from a 100 meter grid representation to arcs' and nodes of a

transportation network. The algorithms capture elevation and trafficability parameters
as they relate to both the arc itself and to the off-arc characteristics. These network
parameters are directly usable in appropriate optimization algorithms to determine
minimum travel time path and minimum distance path through the network for a
variety of maneuver unit types and missions.
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I. INTRODUCTION

A. PURPOSE AND GOALS

The purpose of this research is to develop algorithms for mapping terrain
characteristics from a 100 meter grid representation to arcs and nodes of a
transportation network. The algorithm must capture elevation and trafficability
perameters as they relate to both the arc itself and to the off-arc characteristics. These
network parameters must be directly usablc .n appropriate optimization algorithms to
determine minimum travel time path and minimum distance path through the network
for a variety of manetver unit types and missians.

After reviewing the literature and discussing the problem with several terrain
model expurts, it was determined that no automated procedure for accomplishing this
mapping exists. Therefore the procedures and associated algorithms presented in this
thesis represent original research and development.

B AIR LAND RESEARCH MODEL METHODO!LOGIES

The purpose of the Air Land Advanced Research Model ( ALARM ) is to
develop a systemic corps level combat mode!, that is, one that operates without human
intervention. This idea is not new, but ALARM takes a different approach than
previous efforts to simulate the military decision process.

In most combat models, the structures for planning and for execution are
included in the same program. In ALAR}: the planning function and the execution
function will be separate programs. The Pl:uning model will be a carefully designed
callection of programs that provide orders 10 the Execution model at the appropriate
times. ‘

A second major difference between the - LARM design and existing models is in
the method used to make decisions. AL of ‘he models reviewed when developing the
ALARM strategy depended ecither on threshold parameters or on a series of “IF
THEN" decision rules to make decisions.

Combat models using a threshold p:rameter strategy usually require a large
number of threshold parameters or groups . parameters. In such models a threshold
parameter ( or group ) is needed for every pc.ssible decision that any unit represented in
the combat simulation might have to make. This leads to numerous parameters and
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thresholds. Most parameters of this type have no reasonable real world counterparts.
In other words, parameters used for thresholding are frequently contrived and based on
unexplainable and undefendable measures. This makss it difficult to create data bases
for such models, and difficult to place any confidence in the analytical results from the
models.

. Models that use a series of decision rules are lacking in that they require a very
limited view of the decision process. A decision can be made only if a series of decision
rules to support the decision exist within the software that is developed for the model,
and if those specific rules are satisfied. When a situation is encountered for which there
is no specific decision rule, a default rule must be implemented. These default rules are
freqixemly inappropriate. The more complicated the decision rules become, the better
the model usually is, but the more difficult it becomes to maintain the model and the
harder it is to analyze results from the model. The cause and etfect relationships
established when running the mode! are usually closely tied to the decision rules. Thus
the outpui or results from such a simulation are built into the model. The foregoing
discussion emphasizes problems with the methods currently accepted and used te
model the decision process. These methods are recognized because they have their
- uses, applications and foundations in the human decision making process. Human

bemgs do, on some level, use the threshold initiated dzcision rule process in their
decision making procedures. These concepts are usually used to start or constrain the
decision process and not to make the decision itself. '

~ The premise of ALARM is to use both threshold strategy and decision rules, but
not thhm the same framework as other models to date. Thresholds will be used to
‘determine when the planning or decision making procedures should be executed.
Deci;ion rules will be used to limit alternatives. They will not be used explicitly to
mke combat decisions. ALARM will use network based merhodologies to itemire
alternatives so that a decision can be made. It is believed that this methodology is

closer to what actually happens in the human decision making process.

. ALARM decision processes, called Decision Tasks, will use three unique
methodologies that are the mainstay of the ALARM concept and make it different
than other current research. These methodologies are time domain networks, cartesian
space networks, and the Generalized Value System. Each methodology is briefly
. described below.

—




1. Time Domain Networks
Time domain networks are designed to handle the planning function or

activity within the ALARM system. A time domain network consists of nodes and arcs
( or links ) connecting the nodes. The key to time domain networks is that arcs do not
represent distance, but represent the passage of time or the completion of a sub-
activity which leads to the compietion of the entire activity represented by the network.

| The time domain network is used to develop high level mission requirements
for ql subordinate units. It is similar to a PERT or CPM network in that a sub-activity
cannbt be started until all merging acuvities are complet=d. The input to the activity
netw'prk is a desired activity completicn time and ap. acceptable friendly force attrition
leveli and may include a required level of attrition to enemy forces. -

2. Cartesian Space Networks
The Cartesian space network is a series of networks each representing a

diffefent aspect of the battiefield. Each network répresents physical connections
betw‘Fen points on the battlefield. ALARM will have three or more Cartesian space
netwbrks. The three networks that have been identified are terrain and transportation
.net\v,ers, communication networks, and logistics resupply networks. This thesis deals -
explicitly with the terrain and transpcrtation networks.

. 3. Generalized Value System ‘ 7

" The generalized value System (GVS) is a jrocedure for quantifying the
capai:ilitjes and importance of entities on the battlefield at some future time (t+x). It
_does[this by developing algorithms to predict future entity or situation states at time
(t+xi) based on the situation at time (t). Thus GVS provides the framework for
fon@sﬁng future states of entities in continuous time. N
| Various combinations of exponential functions are used to represent these
foreq'asts. For example, the power and value of non-combat entities such as bridyes
and i'oad interdiction points; combat support units; service support units: and combat
units; can all be determined from a continuous function with respect tv time using the
.variu;us exponential algorithms. These values can then be used to determine the specific
placqd or target against which to plan an air strike or a ground attack at time (t+X).
Thuii different targets can be selected by the Decision Task depending on the time at
which strike assets are available. The decision will be based not on the current value of
the target, but on its predicted future value in relation to the rest of the Air Land
battle. To do this, all targets and units must be assigned consistent values so that




cowmnparisons can be made across the daverse set of targets available on the Air Land

battlefield. The common bond among these varying targets is a value system that
meagures the target’s value in terms of its usefulness to combatants. Thus the value of

a bridge is not measured sinply by its width or length, but is tied to the number of
enemy or friendly units that could cross the bridge to maneuver into favorable combat
positions. As time. passes, the bridge’s value could increase based on heavy combat
areas and then could decrease when all relevant units have successfully crossed the
bridge.

€. SCOPE OF THE THESIS

In attempting to achieve the goals of this thesis, various terrain modelling
techniques will be described in Chapter Il as a motivation for the network algorithms
developed. The algorithms fcr a single arc will form the ° 1sis of the total model and
will be presented i Chapter [11. The full network implementation will be presented in
Chapter IV to determine the minimum time and minimum distance paths on an
undirected graph. Chapter V will discuss the results of several runs of the model to
illustrate its various capabilities. Finally, Chapter VI will provide recommendations for
centinued enhancements of the model.

11
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II. BACKGROUND

A. TERRAIN MODELLING TECHNIQUES

Representing combat functions as a sy.*em of networks is a departure from the
current practice of explcit terrain representatic. 2. Current modelling techniques require
large dat> bases to represent numerous aspects of terrain such as slope, elevation,
forestation, a:ad cities. rhe network approach is an attempt o represent the terrain,
primarily through use of the transportation system, as an abstraction of its actual state.
The topology characteristics required by explicit terrain models will be reflected in the
arc and node attributes. '

The research model will gain an economy of representation of the topology
because it has the flexibility to represent only those terrain features applicable to a
stated level of resolution. The corps rear is sparsely populated with combat and
support units relative to the overall size of the corps sector. Furthermore, large
portions of the corps sector will never support unit movement or facilities and have no
reason to be modelled. A network representation allows one to select only those
features which, because of their nature, give the controlling force a marked advantage
over the other force ( e.g. key terrain ). Additionally, those roads or cross-country arcs
which can either expedite or delay movement can be identified and modelled.

In a corps level model, direct fire coinbat requires observation, detection, and
lines of sight along a narrow strip of terrain relative to the overall size of the sectors of
the two forces. Existing methods of terrain representation may still be required to

-model the details of such combat. The .majority of units moving in a corps sector,

especially the CS/CSS assets, do so without receiving direct fire. The movement of the
units can be modelled via a network abstraction of the transportation system.
Numerous algorithms exist which allow one to exploit the features and structure of
such a mathematical model.

Many of the terrain modelling techniques in current use restrict the model to one
level of resolution and force the terrain data base to store atiributes for large sections
of the battlefield which are not used. To put current terrain modelling procedures in
perspective, the following is a short discussion of three terrain modelling methods: hex
terrain ( used in CORDIVEM ), digital terrain (DYNTACS) and network model.

12
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B. HEX TERRAIN :

~ The Corps-Division Evaluation Model (CORDIVEM) is a corps level model in
which the terrain is represented as a series of hexagons, (ﬁexes). each approximately 3.5
kilometers in diameter. The terrain underlying each hex is characterized by a three digit
array which represents urbanization, forestation, and roughness. Each individual
attribute is an average of the Defence Mapping Agency’s data base of points 12.5
meters apart which underlie each CORDIVEM hex. The attribute based on the
resulting average is then assigned a code in CORDIVEM and assumed homcgeneous

throughout the hex [Ref. 1: p. 16l. Figure 2.1 illustrates the codes for each hex
attribute. ‘

ROUGHNESS — 0ADS
0-- 152 0 - none
1 - 302 1 - terciary
2 - 502 2 - secondary
3 - 50% 3 - primary
RIVERS
0 - none
l = strean
2 - river : 2 FORESTATION
3 - major river 0~ 15% 0 - 152
-1 = 30%
1 - 302
RAK ; 2 - 50%
2 - 502

Figure 2.1 CORDIVEM Terrain Features.

The geometry of the hex is used to represent unit movement, roads, rivers and
obstacles. Unit movement and a road system, if one exists, are modelled from the
center of one hex to the center of an adjacent hex. Movement on a cross-country route
is penalized by reducing a unit’s allowable speed. Rivers are modelled along the edge of
a hex, and coded as indicated in Figure 2.1. An implicit bridge is assumed at the
intersection of all roads and rivers. The bridge can be explicitly modelled if it may
affect movement factors or possibly be destroyed. An obstacle occurs on the edge of

-
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the hex und is explicitly inserted into or removed from the model. All obstacles are
created before the execution of the model; the dynamic construction and reduction of
obstacles are not modelled.

C. DIGITIZED TERRAIN

The Dynamic¢ Tactical Simulation (DYNTACS) model is a two-sided, dynamic
Monte Carlo simulation capable of modelling the combat process from the individual
crew to battalion engagements which utilizes a concept referred to ‘as digitized ‘terrain-_
[Retf, 2: p. 9]. Macro terrain in DYNTACS is usuaily represented as 100 meter squares
with attributes for the corners being supplied by data available from the Waterways
Experiment Station. These corner attributes provide information about such features as
elevatxon, forestation, and location. Each square is then divided diagonally, resultmg in
a series of equal sized triangles, varying in slope and orientation.

~ This approach assumes that the terrain modelled by each triangle is

homogeneous and that elevation changes spacings. Sudden changes in the terrain or its
surface are not detected; instead, they are represented with geometric overlays.

D. NETWORK MODEL FOR MOBILITY IN ALARM

The Cartesian space network compacts the terrain database still further by
limiting battlefield movement to a subset of battlefield locations. The allowable
locations are represented as a network overlayed on the battlefieid map. Nodes of the
network represent physical locations on the map. Arcs of the netwcrk represent
possible movement paths between nodes such as roads, trails, or likely cross country
routes.

Each node and arc of the network has mobility attributes which determine the
limiting speed of combatants moving through that node or along that arc. The
attributes which are stored in the network representation can be either terrain features
( which - will support an explicit mobility model ) or mobility muitipliers ( for a
simplified implicit model ).

Added flexibility can be gained by storing several sets.of mobility attributes for
. some arcs. The main attribute set might represent movement along a road, while a
second attribute set could represent cross country mobility in the near vicinity of the
road if the road itself cannot be used.

The main problem with network models for battlefield movement is that
ovement is restricted to the network, and this may limit tactical flexibility.

14




Preparation of the network must be carefully coordinated with the tactical scenario to
ensure sufficient movement opportunities. This limitation would seem to be most :‘
severe in the direct fire battle zone where cross country maneuver is common. Areas

away from the front lines can more readily be represented by a network model. A i
major advimtage of the network model is that it allows efficient network optimization 5
algorithms to be applied to the problem of route selection for moving combatants.

To date, data for network attributes have been derived manually using map
analysis. This technique is both extremely manpower intensive and inaccurate. The
requirement for an automated process to generate network attributes directly from
digitized terrain data bases serves as the motivation for this research. The algorithms to
determine attributes for a single arc are described in the next chapter.
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IL SINGLE ARC METHODOLOGY

A. OBJECTIVE AND PROBLEM DEFINITION

The objective of this research is to develop algorithms for mapping terrain
characteristics from a 100 meter grid represeniation to arcs and nodes of a
transportation. network. The algorithm must capture elevation and trafficability
parameters as they relate to both the arc itself and to the off-arc characteristics. These
network parameters must be directly usable in appropriate optimization algorithms to
determine minimum travel time path and minimum distance path through the network
for a variety of maneuver unit types and missions.

Methodology for the single arc attributes which is used for the Cartesian space
network is presented in this chapter and is related to the computer program for the
single arc attributes in Appendix C.

B. MODEL DATA FILE ‘ .
The program used four disk data files, one for 100 meter grid square data, one
for the node characteristics, one for the arc characteristics which represents the
networks overlayed on the gridded terrain, and one for the speed data related to
maneuvering units. :
1. 100 Meter Grid Square Data

The grid square data represents the altitude and characteristics of each point
spaced 100 meters apart on the terrain. The source of the data is the Combined Arms
Center a: Fort Leavenworth, which is the same data base originally used for
CORDIVEM. The gridded terrain is used to determine the attributes of networks
overlayed on the terrain. A typical network overlayed on the digitized terrain is shown
in Figure 3.1. . '

Two characteristics are used to describe a point of gridded terrain: three digit
altitude and an integer surface feature type. The altitude is the height from sea level or
simple map altitude. The characteristics of the surface feature type in the network are
used for determining the arc width for maneuver along the arc. Table 1 shows how
data for the 100 meter resolution surface feature types were encoded.

16

AR EA Y AR BMCIIAL AFLL N WL WAT W1 MAF MR A MW A DU A AR AN TAN AN mmnﬁm

B N PR DR PRSI
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Figure 3.1 Transportation Network. !
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TABLE 1
CHARACTERISTICS UF SURFACE FEATURE TYPES

Integer Value Surface Feature

No Elevation/No fesiure data
Forest
Urban.
Marsh
Null(Elevation/No feature data)
Water :
Heath(Waste land with shrubs)
Open -

S0, N O

2. Node Characteristics _

In the network, nodes are used to represent actual terrain features on a map.
Four characteristics are used to describe a node: an integer node identification number,
three digit latitudinal coordinate, three digit longitudinal coordinate, and node type.
The coordinates are simple map grid coordinates. The node type is entered as a single i
integer value. Eventually, each node has an altitude linearly interpolated from 100 4
meter grid square data. Table 2 shows the integer values and the terrain feature it ‘
represents.

The primary function of the node in the transportation network is to relate the
junction of arcs in the data representation to physical locations on the map. In’
addition, they represent possible objectives in a combat mission.

3. Arc Characteristics
The arcs in the network represent feasible routes of maneuver from one
location (node) to another. For a2 route to be considered feasible, it must provide for
' the maneuver of at least one column of tracked vehicles, wheeled vehicles, or
dismounted troops. Three characteristics are used to represent an arc: head node
identification, tail node identification, and arc type. These characteristics provide data
for the algorithms to compute appropriate arc traversal times, distances and flow rates |
from node A to node B. 3
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TABLE 2
TYPE OF NODE

Integer Value Terrain Feature

City

Village

Road Junction
Hill Top
Other

w W

The head node identification is the identification number of the node where
the arc originates. The tail node identification is the identification number of the node
where the arc terminates. The characteristics of the arc is an integer ccde for one of
seven possible arc types as shown in Table 3.

TABLE 3
TYPE OF ARC

Integer Value Terrain Feature

Autobahn
‘Concrete or Asphalt Road
Dirt Road
Railroad
Forest
Open Country
Bridge or Tunnel

NSO n b N -
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4. Speed Da::

The speed for unit maneuver is a function of arc type, unit type and unit
formation. The possible speed represents the speed on the specific arc for the specific
urit for each unit formation. It is assumed that the formation width of a single colnmn
is less than the width of the road itself. If the width of the unit formation is less than
the width of the road itself, then arc speed is on-road speed. Otherwise, arc speed is
off-road speed, because on-road speed is greater than off-road speed with same arc
type and unit type.

C. STEPS IN PROCESS ‘

To translate 100 meter grid square data to attributes of arcs, the network
structure is used. The network structure can exploit the mathematical nature of the
variables of the decision process by representing these variables as characteristics of the
arcs and nodes in the network overlayed on the gridded terrain. It is an objective in
developing this network to adequately describe the terrain and combat effects on
maneuverability necessary for the implementation. The process of translation ard
implementation from 100 meter grid square data to attributes of arcs is described for
single arc geometry and later for multiple arc geometry and flow rates in the network.

1. Single Arc Attributes

a. Geometry

Consider an arc which links node A to node B. To represent the
coordinates of a node in three dimensions, the Cartesian coordinate (x, y, z) system is
used. Each node has an altitude interpolated from the 100 meter grid square data.
From the coordinates of node A and node B, the total distance between: node A and
node B, and the angle of inclination of the arc is computed. The angle of inclination is
determined by the slope between the x-axis and y-axis. The definition of angle of
inclination of a line that crosses the x-axis is the smallest positive angle that the line
makes with the positively directed x-axis [Ref. 3: p. 50]. '

If the angle of inclination is between 45 degrees and 135 degrees, then the
X-axis is used as reference axis for calculation of distance between each point along the
arc. If the angle of inclination is greater than 135 degrees or less than 45 degrees, then
the y-axis is used as the reference axis. Using this angle, coordinates of the cross
points between a point on the arc and a point on the each 100 meter grid line for the
reference axis is computed. /After determining the coordinates of the points along the




arc, the distance betwéen each pair of points is calculated step by step until the cross
point reaches the tail node based on the distance formula for the plane. Figure 3.2

shows an example of crossing points between the arc ( which is Node 1 to Node 2)
. and the x-axis 100 meter grid line along the arc.
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b Siope

(1) Along The Arc. To determin: 1e gradient pattern along the arc, the
slope of the terrain between each puir of points along the arc is calculated. Coordinates
and altitudes of each point along the arc and the difference of altitudes between each -
sequential pair of points are used to calculats the slopes between each pair of points |
along the arc. The coordinates of each point along the arc are computed by using the i
the point-siope equation of the line. As a measures of terrain steepness along the arc,
three factors are computed

¢ Slope Change - sum of the absclute value of slopes between each pair of
adjacent sub-arcs.

¢ Total Slope Change - sum of slope change along the arc.

¢ Average Slope Change - total slope change divided by the number of pair of
sub-arcs along the arc.

The slope of the surface aiong the arc is related to the feasible routes
of maneuver for each type of unit from one node to another, Some arcs provide for
the maneuver of dismounted troops, but tracked and wheeled vehicle movement may
be infeasible. Some arcs provide for the niovement of tracked vehicles to climb steep
slopes but wheeled vehicle movement is not possible. The maneuverability on a given
slope depends on unit type ( tracked vehicles, wheeled vehicles or dismounted troops )
and soil strength which is measured by rating cone jndex points: the higher the index.
numbers, the greater the soil strength. The maximum negotiable siope can be used after
obtaining soil strength data for arcs as shown in Appendix G. [Ref. &4: p. 5-19]

' Table 4 shows an example of general information and slopes along the
arc from Node 1 to Node 2 as shown in Figure 3.2, XM represents the slope between
starting node and terminal node from the cuordinates of the X, y plane on the arc
ANGLE represerts the angle of inclination of the arc. ACT.DIST is actual distance
between two nodes along the surface, but DISTANCE is the distance on the plane or
on the map. It is assumed that the distance of the arc is DISTANCE. AVERAGE
SLOPE represents the difference between altitude of Node | and Node 2 divided by the
distance of the arc.

(2) Perpendicular to Arc. After determining the siope of the terrain along
the arc, the slopes of the terrain along lines perpendicular to the arc are computed. The
starung point is the cross point between the x-axis grid line and the arc, if the angle of
inclination is greater than 45 degrees and less than 135 degrees, Otherwise, the starting
point is the cross point between the y-axis grid line and the arc.
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TABLE 4
SLOPE AND DISTANCE
NoDE 2 NODE 1 XM  ANGLE  DISTANCE  ACT. DIST
9000 9000 8200 9300  -1.00 135.00 1131.37  1131.9%
POINTS ALONG ARC
POSITION COORDINATE( X : ¥ ) ALTITUDE
POINT 1 9000.0 9000.0 367.0
POINT 2 8900.0 9100.0 €7.0
POINT 3 8800.0 9200.0 367.0
POINT & 700.0 9360.0 372.0
POINT 600.0 9400.0 371.0
POINT & $G0.0 9500.0 367.0
POINT 7 8400.0 9600.0 361.0
POINT 8 3300.0 9700.0 354.0
POINT 9 8200.0 9800.0 348.0
T"TPOSITION . DELTA H  DISTANCE  SLOPE  ACTUAL DIST
POINT 1 - 2 0.0 141.4 0.000 141.4
POINT 2 - 3 -0 141.4 0.000 141.4
POINT 3 - 4 5.0 141.4 0.038 141.5
POINT 4 - § -1.0 141.4 -0.007 141.4
POINT S - 6 -4.0 141.4 -0.028 141.8
POINT 6 - 7 -6.0 141.4 -0.042 141.5
POINT 7 - 8 -7.0 141.4 -0.049 141.6
POINT. 8- 9 -6.0 141.4 -0.042 141.5
POINT 1 - 2 0.00
POINT 2 - 3 0.04
POINT 3 - 4 0.04
POINT 4 - § 0.02
POINT 5 - & 0.01
POINT 6 - 7 0.01
POINT 7 - B8 0.91
TOTAL SLOPE CHANGE 0.1697
AVERAGE SLOPE CHANGE 1 0.0212 .
NODE 2:  ALTITUDE I NODE 1:  ALTITUDE 2
367.0 348.0
AVERAGE SLOPE  :  =0.0168

The altitude of the starting point is calculated by linear interpolation
from the nearest left intersection between the x-axis and y-axis to the nearest right
intersection between the x-axis and y-axis line. In the following discussion, it is
assumed that the angle is 135 degrees. Table 5 and Figure 3.3 are used to illustrate the
following discussion.
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The sequense of calculations is to determine the slope of left off-road
and right off-road along the perpendiculars. On the left side the first distance is from
the starting point to the first cross point between the perpendicular line and y-axis grid
line. The second distance is from the same starting point as the first one to the second
cross point, etc. The altitude of the cross point between the petpendicular line to the
arc and the y-axis grid line is computed by the same interpolation procedure as for the
starting point. Using the first distance and altitude of the startiag point and the first
cross point between the perpendicular line and y-axis grid line, the first slope is
calculated. The process is continued until terminated by the stopping rule described
later. Atter computing each siepe on the perpendicular line for the initial point ( which
is the head node ), slopes alony the perpendicular for subsequent poiuts along the arc
are computed, terrninating with the tail node. After determining the slope on the left
side, the right side slopes are computed using the same procedures. Before calculating
the slope on the perpendicular line to the arc, coordinates of each cross point between
the perpendicular line to the arc and the y-axis grid line are determined. The
coordinates of each point on the perpendicular line to the arc are computed using the
same point-siope equation for the coordinates along the arc. Also, the difference in
altitude of each pair of points is computed.

The slopes on the perpendicular lines are related to the feasible arc
width for movement from left boundary to right boundary. The arc width measured
along the perpendicular line to the arc is sonsidered for the trafficable path for each
specific type of unit. Table S shows an example of slopes used to determine the
trafficable width of an arc for the movement of vehicle units. For example, POINT 4 -
1 represents the fiist (left) cross point between the y-axis 100 meter grid line and the
line perpendicular to the arc at the fourth point from the starting node. POINT 4- 5
is the boundary point to left of the arc, POINT 4 - 6 is the first point to the right, and
POINT 4 - 11 is the boundary point to right of the arc as shown in Figure 3.3.
SLOPE represents DELTA H divided by DISTANCE.

(3) Arc Width. Two types of stopping rules are used for determining the
arc width: a code change rule and a slope change rule. Briefly stated, an arc width
boundary is established along a line perpendicular to an arc when the terrain code
changes from type i to type j as described later. Also, a boundary may be established
because the slope change along the perpendicular exceeds an input threshold value.
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TABLE $
SLOPE ON PERPENDICULAR LINE TO ARC

SOME:- POINTS OFF ARC (FROM EACH POINT ON TMEX ARC)

COORDINATE ( X : Y ) ALTITUDE DELTA H DISTANCE  SLOPR
- POINT 1- 1 ( 8900 8900 374.00 7.0 141.42 0.08
POINT 1- 2 ( 9100 9100 364.0 3.0 141.42 = -0.02
POINT 2- 1 ( 8800 9000 . 7.0 1.42 0.08
POINT 2- 2 ( 9000 9200 203.00 -184.0 42 =1.16
POINT 3- 1 ( 8700 9100 374.0 7.0 141.42 0.08
FPOINT 3- 2 ( 8900 9300 .0 =1.0 141 .42 Q.01
POINT 4- 1 ( 8600 9200 . -1.0 141.42 =0.01
INT 4- 2 ( 8500 9100 284.00 12.0 28Z2.84 0.04
POINT 4- 3 400 9000 04. 32.0 424.28 0.08
INT 4- 4 ( 8300 8900 . 71.0 $65.69 0.13
INT 4~ S ( 8200 8800 499.00 127.0 707.11 0.18
POINT 4- 6 ( 8800 9400 67. -5.0 141.42 =0.0¢
POINT 4~ 7 ( 8900 9500 . -14.0 82.8¢ -0.08
POINT 4- 8 ( 9000 9600 4, -18.0 4.26 -0.04
POINT 4- 9 ( 9100 9700 351.00 «21.0 565.56 =0.04
POINT 4-10 ( 9200 93800 348.00 =24.0 .11 -0.0
POINT 4-11 ( 9300 9900 348.00 -24.0 848.53 -0.03
POINT S- 1 ( 8500 9300 380. 9.0 141.42 0.06
POINT 5~ 3 ( 8300 9100 400.00 29.0 424.26 0.05
POINT S~ ¢ ( 8200 9000 440.00 9.0 865.6 0.12
POINT 5- 5 ( 8100 8900 482.00 111.0 707.11 0.16
POINT S5- 6 ( 8000 8800 499.00 128.0 848.53 0.15
POINT S~ 7 ( 7900 8700 499.00 128.0 89.95 0.13
POINT 5- 8 ( 7800 8600 492.00 121.0 1131.37 0.11
POINT 5- 9 ( 87C0 9500 361.00 =10.0 141.42 =-0.07
POINT 5-10 ( 8800 9600 354.00 -17.0 282.84 -0.08
NT S-11 ( 8900 9700 351.00 -20.0 4.26 -0.0S
POINT S5-12 ( 9000 9800 351.0 -20.0 565.69 =0.04
POINT 5-13 ( 9100 9900 348.00 -23.0 707.11 =-0.03
POINT 6- 1 ( 8400 9400 374.00 7.0 141.42 0.08
POINT 6- 2 ( 8300 9300 394.00 27.0 282.84 0.10
POINT 6- 3 ( 8200 9200 398.00 31.0 424.26 0.07
POINT 6- 4 ( 8100 9100 420.00 53.0 $65.69 0.09
POINT 6- 5 ( 8000 9000 453.00 86.0 707.11 0.12
POINT 6~ 6 ( 7900 8900 466.00 99.0 48.53 - 0.12
POINT 6- 7 ( 7800 8800 469.00 .102.0 9.95 0.10 .
POINT 6- 8 ( 7700 8700 46%5.00 102.0 1131.37 0.09
POINT 6~ 9 ( 8600 9600 358.00 -9.0 41.42 -0.06
POINT 6-10 ( 8700 49700 351.00 -16.0 282.84 =0.0
POINT 6-11 ( 8800 9200 348.00 =19.0 424.26 -0.04
POINT 6-12 ( 8900 9900 348.00 -19.90 $65.69 -0.03
POINT 7- 1 ( 8300 950 367.00 6.0 141.42 0.04
POINT 7~ 2 ( 8200 94(0 381.00 20.0 282.84 0.07
POINT 7~ 3 8100 93G0 384.00 23.0 424.26 0.05
POINT 7- ¢ ( 8000 9200 400.00 39.90 $65.69 0.07
POINT 7- 35 7900 9100 404.00 43.0 707.11 0.06
POINT 7- 6 ( 7800 9000 407.00 46.0 848.53 0.05
POINT 7= 7 ( 7700 8900 417.00 56.0 989.95 0.06
POINT 7- 8 ( 7600 8800 440.00 79.0 1131.37 0.07
POINT 7- 9 ( 7500 8700 449.00 88.0 1272.79 0.07
POINT 7-10 { 8500 9700 351.00 =10.0 141.42 -0.07
POINT 7-11 ( 8600 9800 348.00 =13.0 282.84 -0,05
POINT 7-12 ( 8700 9900 348.00 =-13.0 424.26 -0.03
25
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TABLE 5
SLOPE ON PERPENDICULAR LINE TO ARC (CONT'D.)
FOINT 8- 1 s 8200 9600 361.00 7.0 141.42 0.05
POINT 8- 2 ( 8100 9500 367.00 13.0 282.84 0.05
POINT 8- 3 ( 8000 9400 374.00 20.0 424.26 0.05
, POINT 8= 4 ( 7900 9300 381.00 27.0 565.69" 0.05
{ POINT 8- 5 ( 7800 9200 388.00 34.0 707.11 0.05
POINT 8- &6 ( 7700 9100 387.90 33.0 848.53 0.04
POINT 8- 7 ( 7600 9000 399.00 36.0 989.95 0.04
POINT 8- 8 ( 7500 8900 404.00 50.0 1131.37 0.04
POINT 8- 9 ( 8400 9800 348.00 ~6.0 141.42 =0.04
POINT 8-10 ( 8500 9900 348.00 -6.0 282.84 -0.02.
» POINT 9= 1 ( 8100 9700 354.00 6.0 141.42 0.04
POINT 9= 2 ( 8000 9600 361.00 13.0 282.84 0.08
{ POINT 9= 3 ( 7900 9500 367.00 19.0 424.26 0.04
POINT 9- 4 ( 7800 9400 374.00 26.0 565.69 0.05
POINT 9- 5 ( 7700 9300 381.00 33.0 707.11 0.08
| POINT 9= & ( 7600 9200 382.00 34.0 848.53 0.04
! POINT 9~ 7 ( 8300 9900 348.00 0.0 141.42 0.00

* The stopping rules for the arc width are a function of unit mission (
unit;t’ormation ) and unit type. When -the unit formation is a single column, only the
on-road portion of the arc is used. When the unit formation for movement is muitiple
column, both on-road and off-road attributes may be used. The arc width for a given
perpendicular is the distance from the left side boundary to nght side boundary. vach
eatabhshed by one of the two rules.

For example, in case of a vehlcle unit, an open area { code 7 } and no
feature data area ( code 4 ) may be considered feasible for routes of maneuver for off-
road movement, witn forest, urban, marsh, water, and heath areas considered
infeasible. In the case of disinounted troops, Lowever, t‘orest,l. ﬁrban, heath and open
area' may be considered feasible for movement routes off-road, but water. and marsh |
areas arc infeasible. ’

Consider the matrices shown in Tables 6 and 7. At the first cross point
between the perpendicular line and y-axis grid line, it determines the code from the
code of the nearest point on the y-axis grid line. If the value: contained in the two
dimensional array of the previous code and current code equals ‘no boundary’, the
process continues. If the value of previous code and current code is ‘boundary’, it will
stop. For example, a tracked vehicle can go from open area to open area but can not
go from open area to water or marsh area. The dismounted unit can go from forest to
forest, open or heath area, but will not go from forest to water or marsh area. That is,
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Figure 3.3 Points on the Perpendicular.

if CODE( i, j ) equals 1, then the point is not a boundary, otherwise, the point is a
boundary. Subscript i represents the previous code on the perpendicular line to the arc,
and subscript j represents the current code on the same line as subscript i.

The slope, as well as terrain code change, could be a barrier to certain
types of units. ‘The slope of the perpendicular line to the arc affects the movement of
units. The arc bourn.ary due to slope ocburs when the slope is less than a specified
negative threshold or greater than a positive threshold. The threshold of slope is the
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TABLE 6

BOUNDARY FOR VEHICLE UNIT

code [ O 1 2 3 4 5 6 7 ?

0 o o o o © 0 0o o
1 ¢ 0o o o o o0 0o o
2 6 6 o o o o o0 o
3 o o o o o o o0 o0
4 o o o o 1 o o0 1
5 o o o0 o o o o0 o
6 o o o o o o o0 o
7 o o o o 1 o o 1

TABLE 7 |

BOUNDARY FOR DISMOUNTED TROOPS

. E|

code | 0 1 2 3 4 5 6 7 ;

o [o 1 1 o 1 o 1 1

1 0 1 1 0o 1 0 1 1 ]

2 o 1 1 o 1 0 1 1 i;

3 0 1 1 0 1 0 1 1 i

4 o 1 -1 o 1 o0 1 1 '
5 o 1 1 o 1 o0 1 1
6 o 1 1 o 1 o 1 1
7 o 1 1 o 1 0 1 1

maximum negotiable slope for each unit type. The threshold for vehicle units may be
less than that for dismounted troops. Eventually, arc soil strength data will be used to
determine these thresholds as shown in Appendix G.
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Each arc width on the perpendicular line is determined by
consideration of the code change rule and slope change rule simultaneously. The arc
width is the distance from the stopping point on the left side to the point on the right
side of the arc. The line connecting each stopping point on the left ( right ) side is the
arc’s left ( right ) boundary line as shown in Figure 3.4.

2. Determine Arc Attributes

Each arc width.on the pefpendicular line to the arc is determined by the code
change and slope change rules previously discussed. The arc widths may be different
for each perpendicular line-along the arc. However, one unique arc width is required
from a head node to a tail node, since it is difficult to change the unit formation during
movement on an arc. [nsertion of new nodes on the arc can he considered for long
arcs when half of the arc is narrow but the other halif of the arc is wide.

The program determines the arc width by adding the left minimum distance.
the right minimum distance, and road width itself. The minimum distance on the left
side is determined by the shortest perpendicular distance from the arc to the left, and
similarly for the right minimum. distance. When the left and right minimum distances
~qual zero, the arc width is considered to be the road width itself since no off-road
movement is possible for that unit type. The minimum distance determination of arc
width is more realistic than consideration of some average of the distances. The
" minimum distance has an direct effect on the flow rate of an arc. Table 8 shows. an
example of the minimum distance off arc, arc width and those coordinates for the plot
in Figure 3.3.

3. Flow Rate )

Using the arc width and possible sp2ed for a specified unit type and mission,
‘the rate of flow is computed. Possible speed is a function of arc type, unit type and
unit mission type. The arc type represents scveral conditions of the maneuver paths
between nodes and is an important element [or the speed cf maneuver. There are
several categories of arc types as shown in Takie 3 . The unit types currently
considered are tracked vehicles, wheeled vehicles and dismounted troops as shown in

-

Table 18, Appendix F. The types of unit formations ( missions ) currently considered
are muitiple column and single column as shown in Table 19, Appendix F.

The following equation is used to determine the flow rate on an arc and is
measured in terms of battalions per hour for each unit type [Ref. 5: p. 20}.

FR; = (SP,, X W)/(DW,, X DD,,) (eqn 3.1)
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TABLE 8
MINIMUM DISTANCE OFF ARC

MINIMUM DISTANCE OFF ARC

LEFT MIN DISTANCE :  141.4
RIGHT MIN DISTANCE t  141.4
ROAD WIDTH ! 6.0
ARC WIDTH 1 288.8
POINT 1 POINT 2
X LEFT Y LEFT X RIGHT Y RIGHT
INITIAL POINT : 8900.0 8900.0 9099.0 9100.0
END POINT : 8100.0 9700.0 8299.0 9900.0

The equation is used for all arcs, j, to compute the rate of flow, FRj, based on
the speed of a battalion sized unit, SP, , the width of the arc, W, the doctrinal width
of the battalion, DW, , and its doctrinal depth, DD, . The doctrinal width and depth
of the battalion depend on the unit type. Since the doctrinal width and depth of a
battalion of dismounted troops is different from those of a tank battalion, different
values were assigned for these parameters as a function of unit type. Table 9 shows an
example of flow rate and maximum number of elements on the arc width for Arc 1
(from Node 1 to Node 2) as shown in Figure 3.2.

TABLE 9
FLOW RATE
ARC TYPE :+ 2( Concrete & Asphalt Road )
UNIT TYPE MISSION TYPE FLOW RATE MAX # ELEMENT
1 1 2.41 11
1 2 10.00 1
2 1 3.37 14 -
2 2 11.25 1
T Unit Type % "Eéiéd'ifeiic'nl'ﬁah """"" T
Unit T efted \éehxcle Ulgnt ¢
ssjon iple Colu ormation
[ }ss}on T% SmglepColumnﬂ%‘ormauon
3l
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The maximum number of elements which can move in multiple column
formation on the arc width is computed. The number is determined from the arc width
and the distance between elements ( i.e., the maximum number of elements equal the
arc width divide by the specified distance between elements for each formation type ).

4. Arc Traversal Time

For purposes of this planning model, it is not necessary to develop extremely
accurate representations of attacking force movement. General estimates of expected
movement rates based on unit type and the characteristics of the terrain being crossed
are sufficient. For simplicity, arc traversal time is the arc length divided by arc speed
for the attacking force unit.

Assume the formation width of a single column is less than the width of road
itself. If the width of the unit formation is less than the width of the road itself, then
arc speed is on-road speed. Otherwise, arc speed is ofi-road speed. On-road speed is
assumned to be larger than off-road speed. Arc speeds, in terms of on-road and off-road
speeds, are provided in Appendix A. '
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IV. NETWORK IMPLEMENTATION

A. INTRODUCTION

Methodology for determination of minimum time and minimum distance paths
using a network representation of terrain is presented in this chapter. This chapter is
related to the computer program for the Cartesian space network in Appendix D. The
Cartesian space network is used to find a shortest path between two given nodes on an
undirected graph represented by a list of arcs. Input data for this network program is
the output of the computer program of single arc attribu/tes given in Appendix C.

B. DATA FILE

' The network representation of the maneuver area is placed on two disk files:
which are the output files from the computer program for single arc attributes: one for
vehicle units and one for dismounted troops. Eight characreristics are used to represent
an arc: arc identification, tail node identification, head node identification, traversal
time, flow rate, length, width, and arc speed. These characteristics provide sufficient
data for the algorithms to detcrmine the minimum time or distance path from starting
node to terminal node. The time for the arc is 'an integer cepresenting the value of
traversal time for the movement of each unit. The fiow rate is an integer value
representi.¢ flow rate for arc, j, times one hundred ( F Ri X 100 ). The integer value is
used for computational reasons in the shortest path algorithm. The length is the
distanz etween head node and tail node in kilometers. The width of the arc is the
width .  2ad itself plus the left and right off-road widths in kilometers for which the
terrain - . support movement. The arc speed represents the average speed for each
unit along the arc. '

Two k. 'ds of width determination rules are used for the input data files from the
single arc ~rtributes program. The width determination rule is used in the following
situation. Recall from Chapter Il that either a terrain code or slope change may
terminate the search for the arc width on each side of the arc. If the first point on a
perpendicular to an arc terminates the search, the width determination rule is invoked.
For example, suppose the distance to the first point is 100 meters. If rule ! is used, the
off-road width is assigned to be 100 meters for that perpendicular. If it is desired to
consider off-road width to be zero, then Rule 2 is used.
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For example, if the unit was a convoy of wheeled vehicles, then Rule 2 would
likely be selected. For tracked vehicles or dismounted troops, it may be appropriate to
select Rule 1. Table 10 shows an example of the data for the network representation

of vehicle unit from width determination rule 1.

TABLE 10
DATA FOR VEHICLE UNIT - RULE 1
ARC | TAIL HEAD | TIME FLOW DIST WIDTH | SPEED
Unit* Unit* Km Rm/Hr
1 1 2 5 240 1.1 0.289 25
2 1 8 6 94 1.4 0.113 25
3 2 3 3 106 2.0 0.128 25
4 2 9 FI:) 1 2.6 0.010 S
5 2 10 76 20 3.5 0.120 5
6 3 ) 9 97 2.2 0.117 25
7 3 10 56 20 2.5 0.123 5
8 4 5 S 144 1.3 0.174 25
9 4 10 8 102 1.9 0.123 25
10 4 11 9 76 1.8 0.11% 20
11 5 6 q 184 1.1 0.222 25
12 5 11 7 89 1.3 0.134 20
13 5 12 5 102 1.3 0.123 25
14 6 12 3 98 1.9 0.118 25
15 6 7 8 103 1.6 0.155 20
16 7 12 12 . 84 2.2 0.127 20
17 7 .13 10 70 1.8 0.106 20
18 8 9 9 71 1.7 0.107 20
19 8 18 40 17 1.8 0.108 5
20 9 10 59 28 2.7 0.170 5
21 9 14 35 19 1.6 0.115 5
22 9 18 48 24 2.2 0.148 5
23 9 19 52 19 2.4 0.115 5
24 10 11 S 1 1.3 0.206 25
25 10 14 8 80 1.6 0.121 20
26 10 15 37 20 1.7 0.123 5
27 11 12 6 70 1.2 0.108 20
28 11 18 ? 93 1.6 0.%.12 25
29 11 16 8 il§ 1.9 0.138 25
30 12 13 8 96 1.6 0.145 20
31 12 16 6 94 1.5 0.114 25
32 13 16 43 20 2.0 0.1258 - §
33 13 17 40 20 1.8 0.124 5
34 14 15 7 119 1.6 0.144 25
35 14 19 47 2 2.1 0.140 5
Unit* : Hour x 100
Unit** : ( Battalions | Hour ) X 100
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TABLE 10
DATA FOR VEHICLE UNIT - RULE 1 (CONTD.)

36 15 16 8 70 1.8 0.108 20 :
37 15 21 S 76 1.0 0.115 20 '
38 16 17 59 17 .7 0.108 S -
39 16 23 9 in 2.1 0.206 25

40 16 24 42 21 1.9 0.130 S ;
41 17 24 S 108 1.3 0.130 25

42 18 19 57 18 2.6 0.110 S :
43 18 26 S8 24 2.6 0.147 L :
44 18 31 95 17 4.3 0.107 S

45 19 20 S 240 1.1 0.289 ri-] ‘
46 19 26 27 43 1.3 0.292 S

47 20 21 9 119 2.2 0.143 25 '
48 20 22 a 136 2.0 0.164 25

49 20 27 7 108 1.7 0.126 25

50 20 28 45 24 2.1 0.147 S

s1 21 22 21 20 1.0 0.124 5

52 22 23 6 a9 1.2 0.134 20

s3 22 25 7 101 1.3 0.153 20 !
54 23 24 7 121 1.7 0.146 25

LT 23 25 8 111 1.8 0.133 25

56 23 29 3 121 0.8 0.146 25

57 24 28 8 78 1.6 0.118 20

$8 25 30 6 114 1.1 0.172 20

59 26 27 33 2l 1.5 0.129 S

60 26 31 65 21 3.0 0.131 S

61 27 28 42 33 1.9 0.202 5

62 27 31 14 115 2.7 0.173 20 -

63 27 32 7 93 1.7 0.113 28

. 64 27 33 58 24 2.6 . 0.147 S
65 28 29 43 47 2.0 0.285 S
6 28 33 39 33 1.8 9.202 S

67 28 34 47 18 2.2 6.110 S

68 29 34 10 91 2.3 9.110 28

69 30 34 9 113 2.2 0.137 25

70 sl 32 11 99 2.6 0.120 25

7 32 33 9 85 1.7 0.128 20

72 33 34 49 28 2.2 0.170 5

C. DETERMINING THE PARAMETERS

The program requires several parameters for determining the shortest distance or )
time path. Changeable parameters are unit type, unit formation, starting point and !
terminal point, arc travel time with obstacles, and whether minimum time or distance is
to be calculated. During the program runs, the parameters are provided by user
interaction with the program.




1. Unit and Path

The path can be selected in two ways: minimum time or minimum distance.
Minimum time determines the least time route through a network from a user selected
starting node, ISTART, 10 a terminal node, LAST. Minimum distance determines the
shortest distance path between two selected nodes.

The unit type is vehicle urit or dismounted troops based on a battalion sized
unit. Vehicle unit is assumed to be tracked vehicles for the examples described later.
When the unit is determined, the program reads the data file appropriate for the
selected unit.

2. Unit Formation

The unit formation is described as either a single or multiple column .
formation. For dismounted troops, a ::" e column formation is defined as two ,
columns, with multiple column formation being more than two columns. |

The width of the unit formation is the number of columns times the input

‘ spacing between columns. The depth of the unit formation is the number of rows times
the input spacing between rows. If the width of the formation is larger than the arc
width, then the program assigns a “iarge” number to the travel time, which is the arc
cost in the shortest path algorithm. Otherwise, the program uses the original value for
time previously determined as the arc cost. '

3. Obstacles

Obstacles ( e.g., minefields ) can change the travel time and the shortest path
in the program. The program requires information about obstacles on the arcs. If
there is an obstacle on an arc, then the travel time is appropriately increased. For the

| purposc of examples in this thesis, the original travel time is multiplied by four when
‘ ‘ obstacles are present.

| D. SHORTEST PATH ALGORITHM

The determination of the minimum time and distance path through the sub-
network is one of a class of many such problems often referred to as “shortest path”
network problem. The general shortest path problem is to determine the least cost
route through a network starting at node ISTART and ending at node LAST. The
cost of a route is some function of the characteristics of the arcs and nodes that make
up the route from node ISTART to node LAST. In the case of this miniraum tims
path problem, the cost of traversing an arc is the amount of time it takes a unit to
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from the supply node to the terminal node. ‘

Before selecting a method of finding the shortest path, the network must be
examined to insure that there is, in fact, a solution in all cases. Because no arc in the
network will have a negative cost associated with it, the addition of another arc to any
path will never reduce the total time traveled. Therefore, negative cycles cannot exist in
the network. The only arcs which have a zero cost are those leaving the supply node
and entering the terminal node. Furthermore, boundaries are selected to run parailel to
avenues of approach through a sector, so it is valid to assume that there will be at least
one set of connected nodes which extends laterally through the sector. Thus, the:
method of construction of the sub-networks insures there will always exist at least one
path between supply and terminal nodes. Therefore, there must be a solution to the
shortest path problem, and there will not be any cycles in a minimum path( no node
will be visited twice). If the assumption that boundaries are drawn which include a
connected path from the start to the terminal node is invalid, a solution may not exist
to the problem. |

- Because of the many applications for thic class of problems, there are many
algorithms available for its solution. Most of these algorithms consist of two

procedures: a label correcting procedure and a search procedure.

¢ In the label correcting procedure each node is initially assigned an infinite cost
with the exception of the starting node, s which is given a cost of zero. Letting c(u) be
the cost assigned to node u, d(u,v, be the cost to traverse the arc from node u to node
v, at‘xd pred(u) be the node previcus to u in a path, then the following rule is applied to

‘change the costs associated with node v:

@) + duy) < o)  (eamdD)
then ¢(v) = c(u) + d(u.v) and pred(v) = u.

- Though ineflicient if applied indiscriminateiy, if this rule is continuously applied
until no cases of Equation 4.1 being true can be found, the chain cf pred(v) to pred(u)
= § will describe the minimum path from every node in the network to the starting
node, s. [Ref. 6: p. 61]

The search procedure is used to decide in which order the nodes are to be
scanned to apply the labeling rule. This step is where most algorithms differ and also
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where the efficiency of the algorithm is achieved. In most cases one of three search
techniques are used: Dijkstra’s ulgorithm, depth first search, and breadth first search,
but many hybrid techniques are also available. Dijkstra’s algorithm gives priority of
search to the adjacent node which is the shortest distance away. Depth first search
gives priority to the most recent node searched. Breadth first search gives priority to
the oldest node searched. The Dijkstra’s algorithm was selected for use in the program
because all arc lengths are at least greater than zero and are not the same.

As the name impiies, the shortest path algorithm solves arc cost in terms of the
minimum travel time and distance for an attacker across an arc. For simplicity, the
attacker force is treated as a rectangle for all computations and travel time is the arc
length divided by average arc speed of the attacking force. The former is an arc
attribute, while the latter is determined from unit movement capabilities. The algorithm
is described below.

Input: Cartesian Space network G(V,E), nodes V, arcs E with their
characteristics as described in Section B.
output: Shortest path distances or times( d(v) ) from surting node, s,
to terminal node, t.
Step 1. Initialization:
a) set all labels to a very large value.
d(v) = infinity
b) set cost of starting node to zero.
d(s) = 0
¢) place starting node in the Set S.
Set S = (s}
b) remove the Set S trom Set V, the set of nodes of-G.
Set T = Set V- (s}
Step 2. For each node v adjacent to the nodeu (s.t. ue S, ve T).
{If du) + Wuy) < d(v)
then d(v) = d(u) + l(u,v) }
Step 3. Determination of Set § and Set T.
a) determine V min
Vin = argmin {d(v)}
b) save the value of cost {d(v)} in the Set S.
SetS = SetS + (V_.}
c) remove the Set S from the set of nodes of G ( Set T ).
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St T= Set T- (s}

d) 1f all arcs in the graph have not been analyzed, go to Step 2.
Step S. Return Set S to the minimum tiine path solution routine. Stop.

Ku,v) is the length of the arc between nodc u and adjacent node v.

Set S is the set of nodes such that d(v) gives the true shortest

path length from starting node s to some node v.

Set TisSet V-Set$

Set V is the set of nodes of undirected graph G. [Ref. 7: p. 129)]

When Set T is empty, each node in the network will have a cost assigned which
represents the minimum cost for ail possible paths from the node to the starting node,s.
The minimum path from any node to the start nods can then be-found by tracing the
chain of predecessor values back to the start node. When the algorithm is completed,
the minimu'n time or distance path is defined by the chain of predecessor values from
the supply zode,s, to the terminal node. After determining the node number aiong the
minimum path, the arc number is found for computing total travel time or total
distance from the start node to the terminal node. The total travel time for the unit is
computed as follows.

Tyt ™ (X Tye;) + (UL/SP) (eqnd.2)

The equation is used for total travel time for a unit, th' based on the total
travel time for an element( summation of T, ,) and unit length, UL, divided by
average speed aloyg the path, SP. The second term of Equation 4.2 represents
additional travel time for the entire unit to complete the path.

The following equation is used to determine average speed along the path. '

SP=3(d xV)/D (eqn 4.3)

The average speed SP is computed based on the summation of length of arc;, d,
multiplied by the speed on arc;, V;, and that quantity divided by the total path length,
D. This algorithm finds the minimum time or distance path through the sector by
using the unit formation. Any type of arc can be on this path and speeds used to
determine travel time arc adjusted for the type of arcs along the minimum time path.
Table 11 shows an example of results for the vehicle unit from the network program
given in Appendix D.
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TABLE 11
OUTPUT FOR VEHICLE UNIT - RULE 1

MIN TIME PATH

VEHICLE UNIT .
FORMATION : 50 ROWS 1 COLUMNS
ROW SPACE 50 METERS

NO MINEFIELD ARC

SUM OF TRAVERSAL TIME 0 HOUR 36 MINUTE
TOTAL TRAVERSAL TIME : 0 HOUR 42 MINUIE
NODE NUMBER ALONG MIN TIME PATH

N NODE

1 1

2 2

3 3

4 4

5 5

6 12
7 16

8 23

9 29
10 34

ARC NUMBER ALONG MIN TIME PATH

N  ARC
1 1

2 3

3 &

4 8

5 13

6 31
739

8 5

9 &8

TOTAL PATH LENGTH  : 14.60 Kn

F U TP RPN RSPY SRR SV L RN
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V. ANALYSIS

A. INTRODUCTION

This chapter describes the results of varying parameter values of the single arc
attributes program and Cartesian Space Network program used in determining
minimum distance or minimum time path. The results in this chapter are final outputs
from the single arc attributes program through the Cartesian Space Network program.
A 10 X 10 Km sector of European terrain is used for the analysis to demonstrate the
algorithms. There are 34 nodes and 72 arcs in the transportation network. The start
node is Node 1 and the terminal node is Node 34. The unit size is battalion level
consisting of 50 tanks in a tracked vehicle unit and 1000 men in a dismounted troop
unit. Minimum distance path is first discussed, followed by a comparative analysis of
the minimum time path generated under various conditions.

B. MINIMUM DISTANCE PATH :

This algorithm determines the parh that provides the shortest distance through
the network. The arc¢ cost is defined by the distance between head node and tail'node.
The tactical significance of this algorithm would be the determination of the path
through the network that provides the best route to reach the given point in terms of
distance. A path of this nature might be used by raiding or reconnaissance elements of
a dismounted troop unit. '

The minimum distance path is Path D through the network shown in Figure 5.1
The distance of the path is 10.9 Km from the start node ( Node 1 ) to the terminal
node ( Node 34 ). Figure 5.1 shows the minimum distance path and several minimum
time paths described in the next section.

C. MINIMUM TIME PATH
The purpose of this section is to demonstrate the full capabilities of the
algorithms developed in terms of minimum time paths. The following parameters are
considered in the analysis: '
¢  Unit type - vehicles and dismounted troops.
¢ Formation size - specified by number of rows and columns in the formation.

¢ Width determination rule - specifies the method used to determine total arc
width in the special case described in Chapter IV.

e  Obstacle ( minefield ) representation.
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MIN DISTANCE AND TIME PATH
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e Bridge representation.
The results of several model runs for various parameter values are given in Tables
12 and 13. The total travel time for the lead el'sment and the unit, the path fength, and
the minimum time path from Figure 5.1 are presented for each case. The impact of the
width determination -ule selected is shown in Table 12 for vehicle units and in Table 13
for dismounted troop units.

- TABLE 12
MIN TIME PATH - VEHICLE UNIT j
Case (Formation |Rule | Mine |Bridge| Travel Time | Length | Path !
Row x Col (1,2 y/n y/n~ |element/unit Km |
Al | sox 1 | 1 no | no 36 /42 | 14.6 | A ?
A2 | 25X 2 1 no no 36 / 39 14.6 A
A3 10X 5 1 no no 36 / 36 14.6 A
A.4 5X10 1 no no no feasible| route ]
B.1| 50X 1 1 yes no 36 / 43 14.2 B
B.2| 25X 2 1 es no 36 / 39 14.2 B
B.3 10X 5 1 yes no 36 / 36 14.2 B
B.4 5X 10 1 yes nc no feasible| rout
C.l 50X 1 1 no yes 36 / 43 14.2 B
c.2 25X 2 | 1 no yes 36 / 40 14.2 B
cC.3| 10X 5§ 1 no yes 36 / 36 14.2 B.
c.4 5X 10 1 no yes no feasible| rout
D.1| 50X 1 | 2 no no 3 /42, | 14.6 | A
D.2 | 25X 2 2 no no no feasible| route
D.3| 10X 5 2 no no no feasible| route
D.4 5 X 10 2 no no no feasible| route ;
E.1| 50X 1 | 2 | yes | no 3 /43 | 14.2 | B
E.2 | 25X 2 2 yes no no feasible| route :
E.3] 10X 5 2 yes no no feasible| route
E.4 5 X 10 2 yes no no feasible| route
F.1| 0% 1 | 2 no | yes 36 / 43 14.2 | B
F.2 | 25X 2 2 no yes no feasible| route
F.3| 10X 5 2 no yes no feasible| route
F.4 5X 10 2 no yes no feasible| route
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1. Vehicle Unit
The formation of vehicle units is either a single column or multiple column
formation, The width of the formation for a single column is five meters, while that for
the multiple column formation is 25 meters for each column. For example, the width of
a 50 X | formation is five meters, of a 25 X 2 formation is 25 meters, and of a 10 X §
formation is 100 meters. Note from Table 12 that for vehicls units, Path A and Path B
are selected for the minimum time path under various situations, because these paths
do not have arcs which are in a forest or marsh area.
a. No Minefield _
For the no minefield and no bridge situation, the minimum time path is
Path A in the two cases which use width determination rules 1 and 2 ( see Cases A.l,
A.2, A3, and D.1 ). The path from the results of Rule 1 yields an optimal route for
movement until the formation size is 10 X 5 ( i.e., formation width is 100 meters in
which case no feasible route exists( see Case A.4 in Table 12 )).
For Rule 2, a path exists only for the single column formation (-Case D.1).
For wider formations, there is no feasible route for movement ( see Cases D.2, D.3,
D.4 in Table 12 ). The distance of the minimum time path is 14.6 Km and travel time
for an element is 36 minutes, as shown in Table 12 . Note that the unit travel times
vary as a function of formation size.
b. Minefield
The purpose of runs labeled Cases B and E in Table 12 is to demonstrate
the effect of insertion of obstacles on the network. For these runs, a minefield is
positioned on Arc 8 which ‘is between node 5 and node 12 in Figure 5.1. Path B
bypasses the ar¢ which has a minefield for both Rule 1 and 2. The reason is that, for
these runs, arc cost is four times larger when a minefield is on the arc as compared to
the no minefield case ( i.e., the travel time is four times larger for a minefield arc )
Other than a change from Path.A to Path B, the effects of the width
determination rule and formation size are similar to the no minefield case.
¢. Bridges A .
Bridges tend to constrain movement of units to only the on-road portion of
the arc. For these runs ( shown as Cases C and F in Table 12 ), a bridge was inserted
on arc 8 instead of a minefield. Even though Rule 1 ( Case C runs ) are included, only
Rule 2 would be applied in the real situation. The minimum time path bypasses the
arc which has the bridge for both rules. The width of the bridge is assumed to be four
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meters. Because the width of the bridge is less than the width of the formation in all
cases, the minimum time path algorithm does not include the bridge arc on the optimal
path. The results for this case are the same as for the minefield case.

2. Dismounted Troop Units

The formations for dismounted troop units are considered as either one double
column ( six meters wide ) or multiple column ( five meters for each column ). For
example, a 500 X 2 formation is six meters wide, while a 50 X 20 formation is 100
meters wide. For a comparison of vehicle versus troop units with the same formation
widths, consider Cases A.2, G.2 and D.2, F.2 in Tables 12 and 13. Note that under
Rule 1, Path C is. optimal for troop units ( Case G.2 ) while Path B is optimal for
vehicle units ( Case A.2 ). For the wider formations ( Cases G.4 through G.6 ) the
optimal path shifts to Path B under Rule 1. For the tighter arc width restrictions of
Rule 2, Path B is optimal in all cases for dismounted troop units.

Finally, the effect of long units for travel time is evident from Case G.1. Notwe
that an additiona! 44 minutes is required {or the entire unit to complete Path C.

This chapter has demonstrated various aspects of the algorithms developed in
this thesis. Except for those areas described in Chapter VI, the model is ready for use
in a full production mode for any terrain areas which have digitized terrain data and
transportation networks in the form described in Chapter I11.
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TABLE 13
MIN TIME PATH - DISMOUNTED TROOP UNITS
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VI SUMmRY AND FUTURE RESEARCH AREAS

It is essential that any combat simulations of the Airland battle provide a
realistic representation of terrain and environment. Previous approaches have typically
utilized either hex or grid squares within the model to describe terrain conditions. In
some cases network overlays were used for convoy movements, but no models exist
which capture essential terrain characteristics without the internal use of some grid
pattern.

In order to take advantage of the various algorithms available using networks
without the need for gridded terrain representation, it is necessary to describe essential
terrain parameters as arc and node attributes. A family of algorithms were developed
and demonstrated in this thesis which accomplishes this objective. These algorithms
can be implemented for any torrain area for which appropriate data exists. The
resuiting network is then usable in a model such as ALARM for both the planning and
execution phases of combat representation.

Areas of future research include the development of a maximum flow path
algorithm. This area requires a significant effort in determining appropriate arc costs
and development of maximum flow methodology for an undirected network. In
addition, several refinements are possible to represent other aspects of terrain
characteristics not explicitly contained in the current model. Finally, additional test
runs of the model with different terrain areas, unit types, combat formations,and
boundary rules need to be made. ‘ '
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APPENDIX A

ARC WIDTH AND SPEED ‘

The detailed model output for the network shown in Figure 5.1 is given in this |

appendix. .;
TABLE 14

VELICLE UNIT - RULE |

Arc Node Road |0ff-Road | 0ff-Road| Total Speed ‘

H T Width Left Right Arc Width| Oon Off 5
1 1 2 6 14 141 288 40 25
2 l 8 6 100 113 40 25
3 2 3 6 109 12 127 40 25
4 2 9 2 4 4 10 ) S
5 2 10 2 108 10 120 S S
6 3 4 6 111 0 117 40 25
7 3 10 2 1 120 123 5 C
8 4 S 6 112 56 174 40 25
9 ¢ 10 6 111 7 123 40 25
10 4 11 5 6 104 115 30 20

1l 5 & 6 133 83 222 40 25 .
12 5 11 4 119 11 134 30 20
13 § 12 6 9 108 123 40 25
14 6 .12 6 101 11 118 40 25
18 7 6 4 129 22 1585 30 20
16 7 12 4 1.3 0 127 30 20
17 7 13 4 101 0 106 30 20
18 8 9 S 102 0 107 30 20
19 8 18 2 100 108 S 5
20 9 10 2 112 56 170 -8 S
21 9 14 2 101 13 118 S )
22 9 18 2 137 9 148 S S
23 9 19 2 108 115 S 5
24 10" 11 6 100 100 206 40 28
25 10 14 5 115 1 121 30 20
26 10 15 2 113 123 S 5
27 11 12 5 100 108 30 20
! 28 11 15 6 108 0 112 40 25
! 29 11 16 6 15 117 138 40 25
d 30 12 13 4 141 0 145 30 20

Unit of on(off)-road speed : Km | Hr
Units of several widths  : Meters
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TABLE 14

VEHICLE UNIT - RULE 1 (CONT'D.)
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101 J4 114
116 123
7 114 129
100 38 144
12 16 140
100 0 108
00 10 115
103 0 108
100 100 206
128 0 130
114 10 130
108 0 110
138 7 147
100 107

141 141 289
28 62 292
130 8 143
109 49 164
107 13 126
16 128 147
i2 109 124
103 26 134
14 134 183
117 23 146
115 13 133
109 31 146
13 101 118
56 112 172
9 117 129
119 131
100 100 202
112 Sé 173
6 101 113
138 7 147
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112 56 170
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TABLE 15

VEH'"LE UNIT - RULE 2

are Node Road |Off-Road | Of£-Road| Total Speed
Width Left Right Arc Width|{ on Off
1 1 2 6 0 0 8 40 2%
2 1 8 6 0 0 6 40 25
3 2 3 6 0 0 6 40 25
4 2 9 2 0 0 2 5 S
L] 2 10 2 0 0 2 ] S
6 3 4 6 0 0 6 40 25
7 3 10 2 0 0 2 S 5
8 4 5 6 ] 0 5 40 28
9 4 10 6 0 0 ] 40 25
10 4 1l S 0 0 S 30 20
11 5 6 6 0 0 6 .40 238
12 S 11 4 0 0 4 30 20
13 5 12 6 3 0 6 40 2%
14 6 12 6 0 0 § 40 28
15 7 & 4 0 0 4 30 20
16 7 12 4 0 0 4 30 20
17 7 13 4 0 0 4 30 20
18 8§ 9 S 0 0 S 30 20
19 8 18 2 0 0 2 S 5
20 9 10 2 0 0 2 S 5
21 9 14 2 0 0 2 S 5
22 9 18 2 0 0 2 S S
23 9 19 2 0 0 2 S )
24 10 11 8 0 0 - 8 40 25
25 10 14 5 0 0 5 30 20
26 10 15 2 0 0 2 ) 5
27 11 12 L 0 0 S 30 20
28 11 15 6 0 0 6 40 25
29 11 16 6 0 0 & 40 25
30 12 13 4 0 0 4 30 20
31 12 16 6 0 0 6 40 25
32 13 16 2 0 0 2 S 5
33 13 17 2 0 0 2 S 5
34 14 15 ) 0 0 6 40 as
35 14 19 2 0 0 2 3 )
36 15 16 S 0 0- S 30 20
37 15 21 4 0 0 4 30 20
38 16 17 2 0 0 2 5 5
39 l6 23 6 0 0 6 40 25
40 16 24 2 0 0 2 S S
% 17 24 6 0 0 ) 40 25
42 8 19 2 0 0 2 S 3
43 18 26 2 0 0 2 5 -5
44 18 31 2 0 0 2 ) S
43 19 20 6 0 Q 6 40 25
46 19 26 2 0 0 2 S S
47 20 21 6 0 0 6 40 25
48 20 22 6 0 0 6 40 25
49 20 27 6 0 Q 6 40 25
S0 20 28 2 0 0 2 S 5
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TABLE 15
VEHICLE UNIT - RULE 2 (CONT'D.)

S1 21 22 2 0
S2 22 a3 S 0
L 22 29 S 0
34 23 2¢ 6 0
$s 23 25 6 0
S6 23 29 6 0
87 24 2% S 0
38 25 30 4 0
59 26 27 2 0
60 26 31 2 0
61 27 a8 2 0
62 27 3l ] 0
63 27 32 6 0
64 27 33 2 0
65 28 2 0
66 28 133 2 0
67 28 34 2 0

29 34 6 0
69 30 34 6 0

31 32 6 0
71 32 33 4 0
72 33 34 2 0
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TABLE 16
DISMOUNTED TROOP UNIT. RULE 1
}
]
: Arc Node Road |O0ff-Road oﬁ- oad| Tota Speed
' Nidth Left t Arc Width| on 0Off
1 1 2 6 990 141 1137 4 3
2 1 38 6 100 7 1 4 3
3 2 3 6 1204 218 1428 4 3
4 2 9 2 4 108 4 3
S 2 10 2 1187 978 2164 4 F 4
6 3 4 é 1118 203 1327 4 2 1
7 3 10 2 12C2 160 1364 4 3 %
8 ¢ 5 6 1230 670 1906 4 ¥ | !
9 4 10 6 1216 $9 1280 4 3 j
10 4 11 5 1042 1152 4 3
{ 11 5 6 -] 1462 664 2132 4 3
12 S 1 4 1304 1078 2386 4 3 i
13 5 12 ) 1092 1083 2181 L} 3 ;
14 6 12 6 1114 916 2036 % 3
15 T8 4 1185 538 1727 4 3
16 7 12 < 135%7 1110 2471 4 3
17 7 13 4 1118 912 2032 4 3
\ 18 8 9 5 113 0 4 3
5 19 8 18 2 6 17 4 2
5 20 9 10 2 1230 1062 2294 4 e
; 21 9 14 2 1109 920 2030 4 2
\ 22 9 18 2 137 34 173 4 2
23 9 19 2 108 1 4 2
24 10 11 6 1100 1000 2106 4 3
25 10 14 S 1267 1037 2309 4 3
26 10 15 2 1141 1133 2276 4 2
27 11 12 5 1 503 2012 4 3
) 28 11 15 6 1160 949 2114 4 3
! 29 11 16 é 1194 1179 2379 4 3
i 30 12 13 4 . .60 949 2112 4 3
31 12 16 6 1110 915 2030 4 3
32 13 16 2 130 75 207 4 2
33 13 17 e 36 1147 1185 4 2
) 34 14 . 15 6 1102 908 2016 % 3
t 35 14 19 2 1165 959 2126 4 e
36 15 16 5 1102 902 2009 4 3
37 15 21 4 1105 915 2024 4. 3
38 16 17 2 1129 47 1178 4 2
39 16 23 6 1100 1000 2106 4 3
40 16 24 2 1409 1153 2563 4 2
4l 17 24 6 1253 1036 2295 9 3
42 18 19 2 108 - 0 4 2
43 18 26 2 181 73 256 q 2
44 18 31 2 21 100 123 4 2
45 19 20 6 141 1414 1562 % 3
46 19 26 2 1253 1036 2291 q 2
47 20 21 6 1425 1174 2605 4 3
48 20 22 6 1204 997 2207 4 3
49 20 27 6 11758 975 2155 4 3
50 20 z8 2 1297 1288 2587 4 2
)




TABLE 16

DISMOUNTED TROOP UNIT - RULE | (CONT'D.)

21 22 2 1107
22 a3l ] 1134
22 29 ] 1339
23 24 6 1283
23 28 6 1190
23 29 6 1197
2¢ 25 5 1020
<% 30 4 1174
26 27 2 1183
26 31 2 1306
27 28 2 1100
27 31 S 1230
27 32 6 6
27 33 2 138
28 29 2 1556
28 133 2 1100
28 34 2 1188
29 34 6 9%
30 34 ) 1301
31 32 ) 204
32 33 4 100
33 3¢ 2 112

On
©
w

[ S1 ST ST ST XY STNT | (Y N
w it

FYVV VY VVVVYVVVFY VY ¥

NWWWWNNNNWWNNNWWWWWWWN

o e e - .

3




i e e m———————

e e cmems ame e i o —— — s s s St imie

TABLE 17

DISMOUNTED TROOP UNIT - RULE 2

Arc Node Road [Off-Road | Off-Road| Total Speed
H T Width Left Right Arc Wwidth| On Off
1 1 2 < 990 141 1137 4 3
2 1 3 8 0 0 6 4 3
3 2 3 6 1204 218 1428 4. 3
4 2 9 2 0 0 2 4 2
5 2 10 2 1187 975 2164 4 2
6 3 4 8 1118 203 1327 4 3
7 3 10 2 1202 160 1364 4 2
8 4 5 6 1230 670 1906 4 3
9 4 10 6 1216 59 1280 4 3
10 4 11 5 1042 1047 4 3
11 5 6 ) 1462 664 2132 4 3
12 5 11 4 1304 1078 2386 ¢ 3
13 5 12 ) 1092 1083 2181 4 3
14 6 12 C 1114 916 2036 4 3
15 7 6 4 1185 538 1727 4 3
16 7 12 4 1357 1110 2471 4 3
17 7 13 4 1113 912 2032 4 3
18 8 9 5 0 0 5 4 3
19 8 18 2 0. 0 2 4 2
20 9 10 2 1230 1062 2294 4 2
21 9 14 2 1109 920 2030 4 2
22 9 18 2 0 0 2 4 2
23 9 19 2 0 0 2 4 2
24 10 11 6 1100 1000 2106 4 3
25 10 14 5 1267 1937 2309 4 3
26 10 15 2 1141 1133 2276 4 2
27 11 12 5 1104 903 2012 4 3
28 11 i3 ) 1160 949 2114 ¢ 3
29 11 16 6 1194 1179 2379 4 3
30 12 13 4 1160 949 2112 4 3
31 12 16 6 1119 915 2030 4 3
32 13 16 2 0 75 77 4 2
33 13 17 2 0 1147 1149 4 2
34 14 15 6 1102 908 2016 4 3
35 14 19 2. 1165 959 2126 4 2
36 15 1s S 1102 902 2009 4 3
37 15 21 4 1108 915 2024 4 3
38 16 17 2 1129 47 1178 4 2
39 i6 23 6 1100 1000 2106 4 3
40 16 24 2 1409 1153 2563 4 2
41 17 24 6 1253 1036 2295 4 3
42 18 19 2 0 0 2 4 2
43 18 26 -2 0 0 2 4 2
44 18 31 2 0 0 2 4 2
45 19 20 6 ) 1414 1420 4 3
46 19 26 2 1253 1036 2291 4 2
47 20 21 6 1425 1174 2605 4 3
48 20 22 6 1204 997 2207 4 3
49 20 27 6 11758 975 2155 4 3
50 20 28 2 1297 1288 2587 4 2
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TABLE 17

DISMOUNTED TROOP UNIT - RULE 2 (CONT'D.)

21 22 2 1107
22 23 S 1134
22 29 S 1359
23 24 6 1283
23 25 6 1190
23 29 ] 119%
24 25 S 1020
25 30 4 1174
26 27 2 1183
26 31 2 1306
27 28 2 1100
27 31 5 1230
27 32 6 0
27 33 2 0
28 29 2 1556
28 33 2 1100
28 34 2 1185
29 34 6 0
30 34 6 1301
31 32 6 204
32 33 4 0
33 34 2 0
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APPENDIX B
DOCUMENTATION FOR COMPUTER PROGRAM

SINGLE ARC ATTRIBUTES
2000 2l e a0 30t o a0 30t o8 2 o o DOCUMENTATION 200 300 30t 20 208 24 206 e 20 2 20 0% 20 ae 3¢ ok o ok o
This FORTRAN program determines the attributes for individual arc from the

100 meter grid square data, node characteristics and arc characteristics of the network
overlayed on the gridded terrain.
Assumption :

e Ifthe angle of inclination is between 45 degrees and 135 degrees, then use X-
axis. :

e If the angle of inclination is greater than 135 degrees or less than 45 degrees,
then use the Y-axis.

FUNCTION XCORD : Compute X grid coordinates.
FUNCTION YCORD : Compute Y grid coordinates.
SUBROUTINE INIT : Set the initial conditions. 4
SUBROUTINE INPUTI: Reac_l the data from data 1, data 2, and data 3.
SUBROUTINE INPUT2: Read the data about the arc.
SUBROUTINE DST : Compute distance along arc.
SUBROUTINE SLOP! : Compute slopes between each pair of point along arc.
SUBROUTINE SLOP2 : Compute slopes between each pair of point off arc.
SUBROUTINE MIND : Compute minimum boundary distance from the arc.
SUBROUTINE FLOW : Compute flow rate for each arc. '
SUBROUTINE TIME : Compute min traversal time for each arc.
SUBROUTINE PRT : Print the results of calculation.
2030 o o ol 3 ot e ol e afe ok ot VARIABLE DEFINITION 2k o o o o o R kR sk ok )
CASE : option of military unit type .

CASE I; vehicle unit

CASE 2; dismounted troops
PRINT : option of print

PRINT I; print all results of calculation.

PRINT 2; print the minimum distance off arc.

PRINT 3; print the input data for checking.

PRINT 4; print the coordinates of boundary line.

PRINT §; print the data for network.
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UNITF : type of formation
UNITF |; multiple column formation
UNITF 2; a single column formation
THRESHOLD of slope for boundary line .:
| THRES1 : threshold for positive slope j
THRES2? : threshold for negative slope
ARCTP : arc type from a head node to a tail node.
ACTD : actual surface distance of each pair of points.

e et i

AD :total actual surface distance along the arc.

ADIST : distance between head node and tail node (in kilometers).
ALTD : altitude of each point ( raw data ).

ALTI : altitude of the head node on the arc.

ALT2 : altitude of the tail node on the arc.

ANGLE : angle berween arc and X-axis (in degree).

AREAL : real variable by using array:

ASLPCH : average slope change along the arc.

ATIME : minimum traversai time for each arc.

AVGSLP : average slope along the arc.

DELTAX : distance between node | and node 2 along X-axis.
DELTAY : distance between node 1 and node 2 along Y-axis.
DIST : distance between node 1 and node 2 on the map.
DISTA : distance between cach pair of point along arc.

DISTB : distance between each pair of point off arc.

DHT : difference between height of each pair of point along arc.
DHT2 : difference between height of each pair of point off arc.
DSTN : distance of each element in line (in meters).

DW  : doctrinal width of battalion during deployment.

DD : doctrinal depth of battalion during deployment.
FORWYV : minimum formation width of vehicie unit.

FORWD : minimum formation width of dismounted troops.
FR :flow rate of the arc (battalion / hour).

HT  : height of intercept between arc and Y-axis along arc.
HT2 : height of intercept between arc and X-axis off arc.
INTS : single integer variable.

INTA :integer variable by using array.
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IX,IY : crossing points between an arc and 100 meter X, Y grid line.
KNODE : number of crossing point along the arc.

KR :coeflicient of route availability.

LMIN : minimum distance of the left side off arc.

MAXNO : max number of elements that move in line along the arc.
NARC : total number of arc in the data file.

NCODE : characteristics of each point ( raw data ).

NCODEX : dummy variable for characteristics of each point.
NODE : toral number of node in the data file.

NODEA : identification number of head node- on each arc.
NODEB : identification number of tail node on each arc..

NSPCL : variable of using width determination rule 2 for boundary.
NX  : dummy variable for altitude of each point ( raw data ).
RMIN : minimum distance of the right side off arc.

ROADW ": width of road itseif. ' .

SLOPE! : slope between each pair of point along arc.

SLOPE2 : slope between each pair of point off arc.

SLPCH : slope change between each pair of point along the arc.
.SREAL : single real variable.

SP : movement speed for an element of unit.

TSLPCH : total slope change along the arc.

- UTMX : U.T.M. grid coordinates of the point ( East - West ).
UTMY : U.T.M. grid coordinates of the point ( South-North ).
WIDTH : width of arc ( road width + off-road width ).

XA,YA : intercept point between arc and Y-axis.

XB,YB : intercept point between reference line and X-axis.

XL,YL : X,Y coordinates of minimum distance of left side off arc.
XR,YR : XY co_ord‘mafas of minimum distance of right side off arc..
XNODE : X cZordinates of each node.

YNODE :Y coordinates of each node.

XM  :slope between X-axis and an arc.

YM  : slope between Y-axis and an arc.
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CARTESIAN SPACE NETWORK
BEREBERERRBRE K DOCUMENTATION SRR RSR B SRR RRREE
This FORTRAN program determincs the minimum time path and minimum

distance path from the undirected graph by using a shortest path algorithm. Input
data of this program is output data from the single arc attributes program.

SUBROUTINE OPTION: Determine the initial options.

SUBROUTINE INIT : Set the initial conditions.

- SUBROUTINE FORMTN: Specify the formation width and depth
SUBROUTINE SHORTP: Determine the minimum time or distance path.
SUBROUTINE PRINT : Print the resuits of calculation.

RERRRRRRRRRRE VARIABLB DEFINITION RRRGRE R R KRR RN

CASE : Option of Military Unit Type
CASE 1; vehicle unit
CASE 2; dismounted troop unit
UNITF : Type of Formation
UNITF 1; multiple column formation
UNITF 2; a single column formation
PARAM : Parameter for Shortest Path
. ‘ PARAM 1; minimum time path
PARAM 2; minimum distance path
BIG : an arbitrary large real number.
DIST : distance between head node and tail node on the map.
FLOW : flow rate of each arc.
HEAD : head node .of each arc.
" INODE : tail node of each arc.
INTS : single integer variable.
INTA :integer variable by using array.
ISPATH : integer vector of length N. .
ISTART : start node of the minimum time or distance path.
IWORK2 : integer vector of length N. '
IWORKS3 : integer vector of length M.
JNODE : head node of each arc.
LARC : arc number along the minimum parameter path.
LAST : terminal node of the minimum time or distance path.
LINK : arc number in the graph ( link(head node, tail node) ).
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M : number of arcs ( edges ) in the graph.

MINE : arc number which is on the minefield.

N  : number of nodes in the graph.

NARC : total number of arc in the data file.

NODE : total number of node in the data file.

NO : arc number in the graph ( one dimensional array ).

NP : the integer NP has the value ze.d if a shortest path is found

between ISTART and LAST, otherwise it has the value one.

NUMP : the number of nodes in the shortest path found between
ISTART and LAST.

PATHL : total distance between ISTART and LAST.

REALS : single real variable.

REALA : real variable by using array. '

RESM : character variable RESM has the value-Y if there is a mine
field in the graph, otherwise it has the value N.

TAIL :tail node of each arc.

TIME : minimum traversal time of each arc. _

TPATH : total traversal time for the entire unit between ISTART
and LAST. o

WIDTH : width of arc ( road width + off-road width ).

WK4 :real vector of length N.

XLEN : total value of parameter between ISTART and LAST.




APPENDIX C )
COMPUTER PROGRAM FOR SINGLE ARC ATTRIBUTES

This appendix contains the computer program used to support the aigorithms in

. Chapter [I1.
PROGRAM TSIM
* cULY 5, 1987 (20:00%
* RxkkAdkekrkin  VARTABLE DECLARATION *RARAARAKk&AXR

INTEGER ALTD.ARCTP.CASEoCODE.PRINT.UTHX,UTHY,UNITF
REAL LMIN

CHARACTER *1 BLANK
DIMENSION' ALTD(100,100), NCODE(IOO 1oo; Nx;10) ,NCODEX(10)
DIMENSION XNOD f9° YNODE( o& CODE(O:
DIMENSION DISTA(90 xa
DIMENSION aréeo DHT (9 g £op
9
8

DIMENSION DISTB iOO.lOO 2100 10 .¥B(100,100)
DIMENSION HT2 ! 2(100,1G0) ,SLOPE2(100,100)

DIMENSION NO(90),SLPCH{
DIMENSION XL(10).YL(10),XR(10),¥R 10%
DIMENSION SP(7.3.2),FR(%,5),MAXNO(3
DIMENSION A &90 JATIME (3
DIMENSION ROADW(7
COMMON / INTS / NSTEP,IX1,IYl,IX2,IY2,JA.JB,K,NARC,NCOUNT,
%* EA,NODEB,Ji,J2.73,J4, PRINT UTMX . UTMY,
‘ * CASE, ARCTP, FR,AD, UNITZ,NSPCL
. COMMON / INTA / NCODE,NO,ALTD,CODE,MAXNO
. COMMON / SREAL / XM,ANGLE.DIST,TSLPCH ASLPCH 'ALT1,ALT2,AVGSLP,
* LHIN RMIN, AL, YL, XR, RY | WIDTH, THRES1, THRES2 {
COMMON / AREAL / A.Hr ﬁur DISTA. n:éra SLPCH, snéps1 SLOPE2,
- %* XB,YB,HT2,DHT2,SP,ACTD, ATIME , ROADNW

*

: 1. SET THE INITIAL OPTIONS.

WRITE 6,601)
601 FORMAT (i LAITTTTER
16 PRINT* ; WHICH TYPE OF UNIT DO YOU DESIRE? ( 1 OR 2 )
PRINT*, SRR R kA s e dekodede R dede e e de ek |
' PRINT™*, * 1
PRINT*, ° # 1. VEHICLE UNIT *1
PRINT* , | * X1
PRINT*, ' *# 2., DISMOUNTED TROOPS *
PRINT* . 1 * %
PRINT* , ) 7 Je e e v v vie 7 vie v e v e v vl e v e e v e e v e e e e e e e e
READ(5.*) CASE ‘
. PRINT®, 'ézsgorz : FOR YOUR REFERENCE, CURRENT ANSWER IS',
IF é CASE .EQ. 1 .OR. CASE .EQ. 2 ) THEN
GO M0 17 :
PRINTELsg IF ( CASE .NE. 1 .OR. CASE .NE. 2 ) THEN
PRINT*, '#%% ERROR : ENTER THE NUMBER 1 OR 2 **#:
PRINT*, ! '
GO TO 16
IF
17 wnxrz ‘
602 ( ./////////)
rnxur* ' wnxcn TYPE OF FORMATION DO YOU DESIRE?'
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PRINT*, ' '

PRINT: ;! :mm***m*n**n*****m********::
PRINT <
;ggg;:l : * 1. MULTIPLE COLUMN FORMATION  *!
rgxgggi : * 2, SINGLE COLWMN FORMATION h
{;R{m* ' RRRRRARRRRRARRRRRRARRRRATRARARARRRRRR
READ

PRI ’5‘:*?**%¥§ : FOR YOUR REFERENCE, CURRENT ANSWER IS',
ég é:NU!:WE;! .8Q. 1 .OR. UNITF .EQ. 2 ) THEN

INTEE.SF IF ( UNI?F .NE. 1 .OR. UNITF .NE. 2 ) THEN
PRINT:, :*** ERROR|: ENTER THE NUMBER 1 OR 2 *#**!

END IF
18 WRITE 46 ' 603) ,
(N0,

. DO _YOU WANT TO USE SPECIAL RULE FOR BOUNDARY?' |
PRINT* S(l)ORN(2) ;

nxagési*? NSPCL

PRINT*, **Ngggg + FOR YOUR REFERENCE, CURRENT ANSWER IS',
WRITE(S,6
FO (!

~

an

|
*

04)
604 NI

WHICI;! OUTPUT DO YOU WISH TO PRINT? ( 1L - 5 )'

Fevederie vl e e e e e v e Je v v e e e vl v 3k vl e e ve e v e e v e T v v e e e e ie e de de ek €

* 1. GENERAL INFORMATION FOR EACH ARC *1

2. FLONW RATE & TRAVERSAL TIME ot
3. INPUT DATA FOR CHECK *!
4. COORDINATES OF BOUNDARY LINE *1

*l
*mi&*ﬁﬁgﬁ*ﬁﬁéﬂ’ﬁﬁ*ﬁwﬁ’é&ﬁﬁﬁiﬁ'}***** '

o

o0
CEEEE
FEEEE
LR 2 24

READ si*} PRINT
PRINT* | *;Iggrn : FOR YOUR REFERENCE, CURRENT ANSWER IS',

P
IF ( PRINT .EQ. 1 .OR. PRINT .EQ. 2 .OR. PRINT .EQ. 3
co'OR: BRINT .EQ. 47.OR. PRINT .Eg. § ) THEN
ELSE IF ( PRINT .NE. 1 .OR. PRINT .NE. 2 .OR. PRINT .NE. 3
%* .OR. PRINT .NE. 4 .OR. PRINT .NE. S ) THEN

NT*, !
PRIN‘I‘:, :*** ERRORI : ENTER THE NUMBER 1 THRU § *#**!

END IF
THRESHOLD FOR BARRIER DUE TO SLOPE OFF ROAD
9 THRES1 = Q.2

THRESZ = -0.3

2. SET THE INITIAL CONDITIONS.

TOTAL NUMBER OF ARCS IN NETWORK.

NARC =
NODE aq TOTAL NUMBER OF NODES IN NETWORK.
=
CALL INIT(NX,NCODEX, XL,YL,XR,¥YR,XA,YA,6SLPCH, HT,fNO,DHT,CASE,
* DISTA,SLOPEL,XB,YB,HT2,DHT2,DISTB, SLOPE2, CODE)

* % XA * X

* %

3. READ THE DAT4A FROM THE DATA FILE.(DATA 1, DATA Z, DATA 3, DATA 4)
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* DATA 1 ; ALTITUDE AND CODE
N DATA 2 ; NOD! CHARACTERISTICS
* DATA 3 ; ARC CHARACTERISTICS
* DATA 4 ; SPEED

CALL mr%'n( NARC,NODE m:rn"r'ic:olbtI ¥NODE , YNODE
NCOUNT UNI i CASk, THRES1 , THRES2, S§, PRINT)

IY = 100
DO 10 IR = NARC
CALL INPUTZ(XNOD*.YNODI IY,IX1,I¥1,1X2,1Y2,NODEA,NODEB,
ARCTP, UTMX, UTMY)

* 7 0 [4

4. DETERMINE THE ANGLE BETWEEN ARC AND X-AXIS.

* %

DELTAX = 1IX2 - IX1
DELTAY = IY2 - IY1
IF ( DELTAX .NE. l
XM = DELTAY 6 DELTAX
ELSE IF ( DELTAR 8 ) THEN
™ 9999999,

END
RADIAN = 5 %
DIST = SQRT DELTAX ** 2 + DELTAY ** 2)
‘ANGLEl = ( RADIAN * 180 ) é 3.14159

IF ( ANGLEl .GE.

-AN
ELSE IF ( ANGLEl .LT. 0.) THEN
D ANGLE = 180. + ANGLEl

* ¥

S. COMPUTE THE DISTANCE BETWEEN EACH PAIR OF POINTS ALONG ARC.

—

- . CALLlDST(IYI,IXl.IYZ,IXZ,ANGL!,DIST,XH,XA,YA,DISTA,K)-

: 6. COMPUTE AVERAGE SLOPE ALONG THE ARC.

‘LX1 = IX1 / 100
LYl = I¥l / 100
LX2 = IX2 / 100
LY2 = 1v2 / 100

ALT2 = ALTD( LX2, LY2

ALTl = ALTDg LX1, LYl
AVGSLP = ( ALT ALT1 ) / DIST

: 7. COMPUTE SLOPES BETWEEN EACH PAIR OF POINTS ALONG THE ARC.

CALL SLOP1(ANGLE,ALT1,ALT2, IX1, IYl I¥2,IX2,DISTA,XM,XA,YA ,ALTD,
HT,DHT, SLOPE1,NA, ACTD aAD)

*
* 8. AS A MEASURE OF TERRAIN " STEEPNESS " ALONG THE ARC, COHPUTE
: TOTAL AND AVERAGE SLOPE CHANGE.
ASLPCH = 0.
TSLPCH = 0.
NB = NA =1
DO 11 ID = NB
SLP céfD) = ABS( SLOPEl ID+1) - SLOPE1(ID))
TSLPCH = TSLPCH + SLPCH(ID)
11 CONTINUE
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ASLPCH = TSLPCH / NB

»

9. COMPUTE SLOPES FROM ARC TO POINT OFF ARC, AND MIN DISTANCE.

CALL SLOP2

* 10. DETERMINE COORDINATES FOR THE MIN DISTANCE.( LEFT AND RIGHT )

- CALL MIND(K,XM,YM,XA,YA, LMIN,RMIN,XL,YL,XR,¥YR) ]

* ¥

11. COMPUTE THE RATE OF FLOW ALONG THE ARC.

CALL FLOW(SP,WIDTH,ARCTP,CASE,FR,MAXNO)

12. COMPUTE ' THE MIN TRAVERSAL TIME ALONG THE ARC.

»* ¥

CALL TIME(ARCTP,SP,UNITF,CASE,DIST,WIDTH,ATIME)

: 13. PRINT THE RESULT OF CALCULATION.

CALL  PRT

NCOUNT = NCOUNT + 1
10 CONTINUE

STOP

E
********gg*************************************ﬁ***********************

* A. SUBROUTINE FOR SETING THE INITIAL CONDITIONS. 1
ek AR R R A A A AR A A Ak AR A ARk AR A AR AR

SUBROUTINE INIT(NX,NCODEX,XL,YL,XR,YR,XA,YA,SLPCH,HT, NO, DHT,CASE,
DISTA,SLOPEL . XB,YB,HT2,DHT2,DISTB, SLOPES, CODE)

INTEGER  CASE, CODE
DIMENSION xnéxdzévn( og

%*

DIMENSION DI
DIMENSION
DIMENSION TB 1oo 100
DIMENSICN 160)
DIMENSION é 3
DIMENSION CODE(0:7, 0:7

*  INITIALIZATION FOR VARIABLES.,
DO 10 = 0o .

(103 YR(].O) NX(10) ,NCODEX(10)

tor 30& o
100,10 } ,YB(100,100)
arzf1oo 100) ,SLOPE2({100,100)

L 1, 1
XL(L) ='0.
YL(L) = 0.
XR(L) = 0.
YR(L) = 0.
NR(L) =0
NCODER(L) = 0

10 CONTINUE

DO 11 LA =1, 90

XA = 0.
YA(LA) = O.
HT(LA) = 0.
No(LA) =0
D & = 0.
SLP LA; = 0.
DISTA (LA) = O.




1 mmu:
DO
DO

SLOP!Z La ch

* St‘l‘ CODI OF BOUNDARY FOR vmxcu UNIT.
SOCAS .EQ 1)

13

R _DISMOUNTED TROOPS.
F S CASE . 2) THEN

14 CONTINUE

18
END -IF
RETURN

END .
FARARIRRRRRIRRAAARAARRIARARRRARRRARRRRRRARRRAARARAARRARARRAARARRARRR AR K

* B. SUBROUTINE FOR READING THE DATA FILES( DATA 1, DATA 2, DATA 4 )
Rk dedede i dese e i dek A kR i ek e dedede e deve vk de ke de ek e desk ek ve e e e e sk ok Ak e ek e

SUBROUTINE INPUT1(NARC,NODE,ALTD,NCODE, XNODE, YNODE
* ITF,CASE, THRES1, THRES2, SP PRIN‘IS

INTEGER ul.m ,CASE, PRINT, UNITF
DIMENSION ALTD(100,100) .NCODE(100
DIMENSION 2 g NCODEX(
DIMENSION

* READ THE gLTI'gUDE AND CODE BY TWO DIMENSIONAL ARRAY.
=
DO 20 IN = 1,99 '
I=

100)
10) , XNODE (90) , YNODE(90)

1l
J=J+1
DO 21 IT = 1,10
‘ . READ(1 106} énx(n NCODEX(I1l), Il=1,10 )
100 FORMAT{I4,12,9(15,12)}
Do 22 IS = 1,10
AL‘I‘DéI,J) _Nx(15)
NCODE(1,J) = NCODEX(IS)
I=14+'1
22 INUE
21 cou'r:
101) BLANK
101 romm'(u)
20 CONTINUE
* READ THE NODE CHARACTERISTICS FOR SINGLE ARC ATTRIBUTES.
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D0 23
n:anf 1105 xnoo’(xn) ,YNODE(IA)
§§o cour;gagar( 4X,2r¢.0
DO 26 IM=1,7
: . DO 26 M =13 .
26 KM= 1.2
* READ THE SPEED FOR MOVEMENT BY THREE DIMENSIONAL ARRAY.
READ (4 1303 SP(IM,JM,KM)
130 FORMAT(
26 CONTINUE
r rn:ur K
; ¢ ?5 725 CASE, UNITF, runxs1
716 | nnar(' unzr TYPR ‘ sx 'UNIT FORMATION',
P * ' :':4 xpos 'musaot.n ., 9.3 _
L * /5% N:é ' THRESHO V1.3 ;
~ ELSE IF ( PRINT .E i
769 ! é§‘¥§gzo iy cagg.u¥§§§ B I4,/,5K, 'UNIT FORMATION', |
Lh +14 éx 'POS. THRESHOLD ! : ‘? S
L ® /8%, "Net.  TRRESHOLD at FY o3 ) i
ELSE IF énpaxnr .58 3 ) THEN
710 ; FORMA' ‘ ' x 71(' =" 4X,' INPUT DATA '
Dk '( ALT ( éaaﬁacr:nxsr:cs WA)
Do 24 NA 21,2
DO 2¢ NB = 1.100
wnrmés n 12 NK, na (NA n.'m(m NA) NCODE(NB,NA)
711 FoR , 13,1 §vts,18)
al “’%%“z’%u na
na2 (‘ v gx /. 4x NODES ALONG ARC ',
‘nirs&é 7132 (xnont§1 A) !uo E(IA), IA=1,NODE)
713 X, 14,3
ELSE IF ( PRINT .EQ. 5 ) THEN .
WRITE(S ;1 Q. 5)
714 - gggu% (! V,6X,'HEAD TAIL',3X,'TIME FLOW RATE DIST WIDTH SPEED')
"~ RETURN

END
kAR R AR ek AR AR AR R SRR R AR Rk AR R R A ek e

* C. SUBROUTINE FOR READING THE DATA FILE ( DATA 3 )
Sk R R kT ek kak ek ke ke ke e ke ks ok e sk

SUBROUTINE INPUT2(XNQDE, YNODE,I¥, IX1,IY1,IX2,I¥2,NODEA,NODEB,
* ARCTP, UTMX, UTMY) :

INTEGER ARCTP, UTMX, UTMY
DIMENSION XNODE(90), YNODE(90)

* READ THE ARC CHARACTERISTICS FOR SINGLE ARC ATTRIBUTES.
READ(3,120) NODEA NODEB , ARCTP
120 FORMAT{I3,I
NXl = xnoos NODEA
NYl = vnonz uooaa
UTMX=

UTe NE1 / 100
UTMX= UTMX * 10
= UTMY *

10
MX1 = MOD( NX1,IY ) * 100
MYl = MOD( NY¥1,IY ) * 100
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0 NOD’ FOR USING ANGLES OF INCLINATION.

2 .

[ =]
N
[ ]
-
1
r'

" llllii

3955

-
"
g
&

NODEA

RRERE
e

g
B
g

DEB = NODEL
ELSE IF ( MY2 .gx. m; THEN
b ¢ MX2 .GE. MX1) THEN

NODEB = NODEl
END IF

END IF

RETURN

° ThRAARRRRRARRARRRRRRRRRRARIRIRRRA

* D. FUNCTION FOR CALCULATING GRID COORDINATES( X ).
MR R AR AR AR ARRR A AARRNRRARRRARAARRRRARARARAAARRRIRAARAN AR AR AR AR de R AT
FUNCTION XCORD(XNM,IA,IY,IX)
Ir }g XM .NE. 0.) THEN
= 1. / XH : IA - IY ))+ IX
EI.S‘El IF ( X)S( e )
IF

END
RETURN

END
Fededede e e e sk e ek ve vk ve vk v v vde 3 ve e v e e ve e e sk e e e v e de ve v ve e ve ve de e vede de de v de de de de sk e e de e e de e de ek ve e e de e sk e e

* E. FUNCTION FOR CALCULATING GRID COORDINATES( Y ).

e e L L
FUNCTIOH YCORD(¥M,XXa,YC,XC)
YCORD = ( ¥M * ( XXB - XC ))+ YC
RETURN

Rk RRkhdekii

END '
WhdeRkk kAR KkRRARRARRRARR T RRATARRAIRRERRARRRAARRRARARRRRR AR AR R AT hRkkRkk

* F. SUBROUTINE FOR COMPUTING THE DISTANCE BEIWEEN BACH PAIR
OF POINTS ALONG ARC.

Redededeiridedek e dedk sk dedededede s ok dede s de A ek de ks sesede e dededesede sk de e dedede e dedede e dedede e e ke dedededede s ke
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*SUBROUTINE DST(%Yl IX1,1Y2,IX2,ANGLE,DIST, XM, XA, YA,

1sta, k)
DIMENSION DISTA(90),XA(90),Y¥A(90)
IF ( ANGLE .GE, 45. .AND. ANGLE .LE. 135. ) THEN

= ((rv2 -'Tr1'e 4 | 100) +'1 |
ELSE IF ( ANGLE .GT, 135. .OR. ANGLE .LT. 45. ) THEN f

= iIXZ - IX1 + 49 ) / 100) + 1 :

NAL13S = ((IX1 - IX2 + 49 ) / 100) + 3 :
IFi ANGLE .LT. 4S. ; NA = NA4S i
IF( ANGLE .GT. 135.) NA = NAl135 3

EeND IF

K =1

TA(R) = IY1

XA(K) = IX1

* ANGLE OF INCLINATION IS BETWEEN 45 AND 135 DEGREES.

IF ( ANGLE .GE. 45. .AND., ANGLE .LE. 135. ) THEN :
DO 20 IAI; o, %%2 =100, 100 ]

"1
IF (A .GT. 0. { THEN

IY = IYl
IX = 11 - |
B R ) ;
XA (K XCORD( iM,IA,I1Y,IX ) !
END IF .
30 CONTINUE
* ANGLE OF INCLINATION IS GREATER THAN 135 DEGREES.
ELSE IF ( ANGLE . . 135, THEN
.11 = IX1 + 100 / 100
I2 = IX2 / 100 + 1
DO 1 IA=1711,12,-1
K =K+1
XA(K) = IA * 100.
YC = 1Yl
XC = IX1
g
YA(K) = YCORD( ™, XKXB, YC, XC )
21 CONTINUE

ANCLE OF INCLINATIOWN IS LESS THAN 45 DEGREES.
ELSE IF ( ANGLE .LT. 4 THEN

Il IXl + 100 ) / 100

12 IX2 / 100 1

Do 32 éA = Il {

XA(K) IA * 100.
IYl
XC = IXI

55&
i§

YA(R) = &CORD( YM, XXB, YC, XC )
32 CONTINUE

END IF

=1

* COMPUTE THE ?ISTANCE BETWEEN EACH PAIR OF POINTS.

0. ) THEN

XCORD( XM, Ia, 1Y, IX)
THEN'

< E%z 0.)
= IX2
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DO 33 IB =

. DISTA?IB§A- SQRT({THK£IB+1 - ¥§ ;; *k2

lLSl IF 1B+l e )
é&{IB) = DIST = DIST1

END IF
DIST1 = DIST1 + DISTA(IB)
33 CONTINUE
RETURN

END
Fedede vl ve e v Ye e e e e e e vk vk ve de 7 e v e v e e e ke e e v e e ve e e e ve e v de e de e vede e vk de e dede ve de v e e ek e ek e de e ke s e e v

* G. SUBROQUTINE FOR COMPUTING SLOPES BETWEEN EACH PAIR OF POINTS
* ALONG THE ARC.

e v e v e 3 vl e vk vie 2 T v v vie e e e e e e sle e v vk v 5z vl vl v vle e e e v e v e e e e vl Y vl vl vl v v v e ve v ve e v e e Ve e de vk e de v e e e e dede

SUBROUTINE SLOPL (ANGLE,ALTL,ALT2,IX1,IY1, I¥2,IX2,DISTA,XM, XA, YA,
ALTD,HT,DMT, SLOPEL,NA,ACTD, AD)

INTEGER  ALTD

DIMENSION ALTD(100,100),DISTA(90 XA(eo),YA(so)
DIMENSION HT(9 % ,DHT (90}, SLOPE1(90)

DIMENSION ACTD(%0

ab = Q.
RY = 100.
HT(1) = ALT1 .
IF ( ANGLE .GE. 45. .AND ANGLE .LE. 135. ) THEN
NA a ((Iy2 - Iv1 - 49 )/ 100) +'1
DO 40 IC = 2, NA
JX1 = INT XAéIC; / 100 g

g¥1 2 ég% va(ic Yi 100
HTA (r)10 ) ( ALTD(JX1,JY1) = ALTD(JX1+1,JY1))
o IF( I¢ ,LT. NA ) THEN : :
) HT(IC ) TD(JXI JYl) - HTA
ELSE IF( 1C EQ A ) THEN
I ) =

DHT IC-lé = HT(IC )- HT(IC-1)

SLOPE1(IC-1) = HTéIC-l) { DISTA 21 -1)

ggrn(:c-l) 2 DISTA(IC-1) / COS(SLOPE1(IC-1))

40 CONTINUE

ELSE IF ( ANGLE .GT. 13S. .OR. ANGLE .LT. 45. ) THEN
NA4S = ?iIXZ - IX1+ 49 ) / 100) +'1
NAl35 = ((IX1 - IX2+ 49 ) / 100) + 3
IFE ANGLE .LT. 45.; NA = NA4S
IF(_ANGLE .GT. 135, NA13S
DO 41 IC =2, NA
JX2 = XA Icg / 100
JY2 = YA(IC < 100

RY
HTA = (R/100. l ( ALTD(JX2,JY2) - ALTD(JX2,JY2+1))
IF( NA ) THEN

HT(IC) = ALTD(JX2,J¥2) - HTA
ELSE IF IC .EXL NA ) THEN
HT(I T2

END IF
DHT(IC-1)

>
“‘“W

DHT(IC-1) / DISTA(IC-1)
DISTA(IC-1) / COS(SLOPE1(IC-1))
AD = AD + ACTD(IC—I)
41 CONTINUVE

wn
e
o
g.
~n
[y
o~~~
4
0
(]
[ary
o’
WHu

HT(IC) HTZIC-I)

END -
e e e e e e 7 e s e e e e e e v sk e e e e e v vk e e ek ok s she e e ke e s s e e e e ate e e e e v ke e e e o e e e e s e e e e e e e e e e Aok ok
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i
i
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* H. SUBROUTINE FOR COMPUTING SLOPES FROM ARC TO POINTS OFF ARC.
Rk g kAR Ak dedeRdk ek etk s sk ek ik Rk ke R A Ak Aok &
SUBROUTINE SLOP2
INTEGER ALTD,ARCTP, CASE, CODE, PRINT, UTMX, UTMY
REAL LMIN

. RE
© DIMENSION ALTD(100,100),NCODE(100,100 ,ngxo),ncoozx(lo)
DIMENSION xnooA§9o§,Ynons(eog,gg?z(o: '0:7)

i  DIMENSION DIS% 'XA(90) .Y ?
{  DIMENSION Hwéeo).our(so ,SLOPE1(90 i
:  DIMENSION DISTB(100,100),XB(100,10 3,33(100,100) 4
! DIMENSION Hrzgl 0,100) ,08T2(100,100) , SLOPE2(100,100) r
| DIMENSION NO o;,snpcnt 0) ;
|  DIMENSION XL(10),YL(10),XR(10 ,Yng1o% :
DIMENS ION sp(7,3,2),snéx,5;,ngxno 3,3) ;
DIMENSION Acrn(eo;,arx (3 :
DIMENSION ROADW(7
.1 COMMON / INTS / NSTEP,IX1,IYl1;IX2,1Y2,JA,JB, K,NARC,NCOUNT,
ik NODEA,NODEB, J1,J2. 33, J4, PRINT , UTMX, UTMY,
1% CASE,ARCTP, FR, AD, UNITF ,NSPCL
! COMMON / INTA / NCODE,NO,ALTD CODE,MAXNO
;  COMMON / SREAL / XM,ANGLE.DIST.TSLPCH,ASLPCH,ALTL,ALT2,AVGSLP,
% LMIN,RMIN, XL, ¥L,XR, YR, YM,RY WIDTH, THRES1 , THRES2
. COMMON / ARsAL / XA, YA,HT,DHT.DISTA,DISTB,SLPCH,SLOPEL,SLOPE2,
1% XB,YB HT2,DHT2,SP,ACTD,ATIME, ROADW
LMIN = 10000.
RMIN = 10000.
RY = 100.
. / XH
ELSE IF ( XM .53. 0.) THEN
Y™ = 999599

9.
END IF

%* ANGLE OF INCLINATION IS BETWEEN 45 AND 135 DEGREES. : :
IF ( ANGLE .GE. 45. .AND. ANGLE .LE. 135. ) THEN

* COMPUTE THE sgopz‘ou THE LEFT SIDE.

Do 70 §§ = %,
IH = (INT(XA(IE) / 100) * 100)- 100
IHl = IH
72 _ XB(IE,KD) = IH
_ ¥YC = YA IE;
XC = XA(IE
XXB = XB(IE,KD)
YB(IE,KD) = YCORD( ¥YM, XXB, YC, XC)
Jl = xs%rs,xng / 100
J2 = YB(IE,KD) / 100
RA = (MOD( YB(IE,KD), RY)) / 100.
IF ( M .GE. O. ) THEN
IF§ RA .GE. 0.5 ;'J4 = J2 + 1
IF( RA .LT. 0.5 ) J4 = J2
ELSE IF ( ™M .LT. 0. ) THEN
IF( RA AGE.Jg.S ) THEN
ELSE IF( RB .LT. 0.5 ) THEN
J4 =32 -1
END IF
END IF
IF ( XB(IE,KD) .GT. 10000. .OR. YB(IE,KD) .GE. 10000. ) THEN
KD = KD ~1
GO TO 75
END

%gsra(xs,xn) = SQRT(( XB(IE,KD) - XA(IE)) **2
70
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END 1
NCB = NCODgé
75 IF ( CODE(NCA,N

Ji,
) 'Eﬁﬁ 1 .AND. SLOPEZ(IE,KR% +LE. THRES1
* iﬁND.IghéngSIE, ) .GE. THRES2 .AND. .LE. 10) THEN
a2 -

KD = KD + 1 : :

GO TO 72 ' A
ELSE IF (CODEé NCA,NCB ) .NE. 1 .OR. SLOPE2{IE,KD) .GT. THRES1
igR. ggg EZ;&S,KD) .LT. THRESZ2 .OR. .GT. 10 ) THEN
=
IF(DISTB&IE,KD) .LT. LMIN) LMIN = DISTB(IE,KD)
* APPLY SPES%?LN§UL (WIDTH DETERMINATION RULE' 2). FOR BOUNDARY.

PCL .EQ. 1 ) THEN
IF( Kg .Egi 1 ) THEN

N =0,
END IF :
END I
GO TO 71
: END IF
*  COMPUTE THE SLOPE ON THE RIGHT SIDE.
7 KD = KD # 1
74 XB(IE,KD) = IH
YC ='YA(IE
XC = XA(IE
XXB = XB(IE,KD)
) YB(IE,KD) =  YCORD( YM, XXB, YC, XC )
J1 ='xB IE.RD; / 100
J2 = YB(IE.KD) / 100
RB = (MOD $YB§IE,KD%§ RY)&D 100.
D2 = ABS( YA(IE) - YB(IE, )
IF ( .GE. 0. & THEN :
IF( RB .GE. 0.5 ) J4 = J2 + 1
IF( RB .LT. 0.5 .AND. D2 .GT. 50.) J4 = J2
ELSE IF ( ¥4 .LT. O. ) THEN
IF( RB .GE. 0.5 ) Jé = J2 + 1 _ 1
END IF . '
:r(xn(xz,xog .GT. 10000. .OR. YB(IE,KD). .GE. 10000. ) THEN ?
IF({DISTB IE,KD-I% .LT. RMIN) THEN
RMIN ='DISTB(IE,KD-1)
END IF
GO TO 77

END IF

DISTB(IE,KD) = SQRT(( XB(IE,KD) - XA(IE)) **2
+ { YB{IE.RD) - YA(IE)) #%2)

HTB = RB * (ALTD(J1,J2) - ALTD(J1,J2+1)

Hrzérz,xﬁg = ALTD§Ji.J2) - HIB

DHT2(IE, % = HT2(1E,KD) - HT(IE)

1F( DISTB(IE,KD) .EQ. 0.) GO 10 7%

SLOPEZéIE,RDS =" DHTZ (IE, KD 4ngsr3(xn,xn)

IF ( §EA'395 IH1+200 N

ELSE IF( KD .GT. 1 ) THEN
JA = XB(IE,KD-1) / 100
JB = YB(IE.KD-1 é 100
¥ca = NCODE( JA,JB)

END IF
NCB = NCODE(J1,J4)

71




76 x IF ( COD!(NClﬁ SZ}!-RS) %G!lﬂgnngggPla§Dl ,KD) £§E 23§R¥§%N

R. o§sz(i: *GT. 20) THEN

GO TO
ELSE IF (coo Ncgg Li .on. snop:zﬁnz ,KD) ,GT. THRES1
rr(nzs Réxn ,KD l . RM ‘

END ISTB(IE KD
* APPLY SPECIAL RULE(WIDTR DETERMINATION RULE 2) FOR BOUNDARY. ;
IF( NSPCL . Rg 1 ) THEN i
IF( RS' 2 ) THEN :
' IN = 0, !

END IF
END IF
KD = KD + 1
77 ﬁgDIEIE KD - 1
- -
70 CONT§NU%
* ANGLE OF INCLINATION IS GREATER THAN 135 OR LESS THAN 45 DEGREES.

ELSE IF ( ANGLE .GT. 135. .OR. ANGLE .LT. 45.) THEN

* COMPUTE THE SLOPE ON THE LEFT SIDE.
DO &0 IE 1.K

KD 1
B e H T R 2139 18

I
62 YB(IE,KD IH ,
IV = YA(IE 1
- IX = XA(IE : -
.KD)

z XCOR é YH IA, IY, IX )
IE,KD). .L T:IEN

IH1 +

64

B
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zf 4

~0
-

5

D

HESREEEE
o2HE 8"t

Pra
b?&?ﬁé

/ 100
/ 10
i §,§D%HERY)) / 1oo.

LT, 0.5 ) THEN

-
™
~uHHuu
=
(o]

=

[

n

™
-G f-og
WHHW

¢ |

H~1MN-

- ._END
KD = KD ~1 :
?g TO &5
DISTB(IE, KD) = SQRT({ zIE KDg 2152% *k2
+ A

YB(IE KD) - YA(IE)) **2)
ggg = (ALTD§J1 32; ALTD(J1+1,32
E,KD) - HT(IE)

END

ALTD(J1,J2

XD) .sg. 0.) GO 70 65
E,KD) = DHTZ(IE,KD) / DISTB(IE KD)
kD EQ. 1 ) THEN

65 IF (_ANGLE .GT. 135. g THEN
IF ( CODE(NCA,NC % .Kg. 1 .AND. SLOPEZ IE,KD) .LE. THRES]
* AN?H SL?§E2(1§6 ) .GE. THRES2 . KD .LE. 10) THEN
= -

72
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XKD = KD + 1
TO 62
ELSE zro?copx$uc? "ng .NE. 1 .OR. snopnz&gn,xn) .cg. THRES1
.ogﬁ sngnnz+i§6° ) .LT. THRES2 .OR. *GT. 10) THEN

= JH1
IF(DISTB#II.RD .LT. LMIN) THEN
LMIN = DISTB(IE,KD)

END IF
* . APPLY SPECIAL RULE(WIDTH DETERMINATION RULE 2) FOR BOUNDARY.
IF( NSPCL .Kg. 1 ) THEN
F( .Eg. 1 ) THEN
IN = 0.
IF
END 1IF
GO TO 61
END IF
ELSE IF( ANGLE .LT. 45.) THEN
IF ( CODE(NCA,NCB) '58' 1 .AND. SLOPE2(IE,KD) .LE. THRES1
* .AND. SLOPE2(IE.KD) .GE. THRES2 .AND. KD .LE. 10) THEN
IH= IK + 100
KD = KD + 1

GO TO &2
ELSE IF(CODE(NCA,NCB) .NE. 1 .OR. SLOPE2(IE,KD) .GT. THRES1
.ORQ SL?g%Z(Ig,KD) .LT. THRES2 .OR. KD .GT. 10) THEN

IH = - 200
IF(DISTB(IE,KD) .LT. LMIN) THEN
LMIN = DISTB(IE,RD)

END IF
*  APPLY SPECIAL RULE(WIDTH DETERMINATION RULE 2) FOR BOUNDARY.
IF( NSPCL B9 1 ) THEN
IF(KD 9. 1 ) THEN
IN ='0.

END IF
END IF
GO TO 61
END IF
END IF
*  COMPUTE THE SLOPE ON THE RIGHT SIDE.
61 KD = KD + 1
64 YB(IE,KD) = IH
I¥ ='YA Isg
IX = XA(IE
IA = YB(IE,KD)
XB(IE,KD) =  XCORD( ¥YM, IA, IY, IX)
J1 = xsg:z,xog / 100
J2 = YB(IE.KD) / 100 :
RE = éuon (XB(IE,KDB, RY)) / 100.
IF( RB .GE. 0.5 _
J3=J1 +1 .
ELSE gr( R§ .LT. 0.5 ) THEN
E

END IF
IF(XB(IE,KD) .GT. 10000. .OR. YB(IE,KD) .GE. 10000. ) THEN
IF(DISTB(IE,KD=1) .LT. RMIN) THEN ‘
RMIN = DISTB(IE,KD-1)

END IF
GO TO &7
END 1F : ~
DISTB(IE,KD) = SQRT( XBzIE,RD; - XAgIE ; **2
* + ( YB(IE,KD) - YA(IE)) **2)

HTB = RB * (ALTD(J1, 2% = ALTD(J1+1,J2)
HTZSIE,KD) = ALTD%JI,J ) - HIB
DHT2(IE,KD) = HT2(1E,KD) =~ HT(IE)

IF( DISTB(IE KD) .Eg. .) GO TO 66
SLOPE2(IE,KD) = DHTZ(IE,KD) / DISTB(IE,KD)
IF( ANgAE .gT. 135 .AND. IH .EQ. IH1+200) THEN
=

N
ELSE IF( ANGLE .LT. 45 .AND. IH .EQ. IH1-200) THEN
NCA = 7

n




T TEiERL T
NCA = N J‘
66 N IF ( COD!?&NCODES 1 J‘?

eyt by o

IH =
END IF
IF( ANGLE .LT. & THEN |
Th +“Th ‘16 |
END _IF |
IF(_IH .LE. 0 ) GO T0 60 j
=R+l :

. . SLOPIZ IE,XD) .LE. THRES1
( Rg . 20) THEN

+

ELSE IF (CODB# NCB) .NE. 1 .OR. SLOPEZ&%E,KD) .GT.. THRES1
§ E,KD) .LT. THRES2 .OR. .GT. 20) THEN
IF(DISTB§ E,kD) .LT. RMIN
= DISTB(;E KD)

END
* APPLY SPECIAL RULE(WIDTH DETERMINATION RULE 2) FOR BOUNDARY. i
IF( NSPCL N

F('Kg' é 3“? THEN
RRINa’0 i
END IF
END IF
KD = KD + 1
END IF
87 NO(IE) = KD - 1

60 gggTI?UE

* DETERMINE THE TOTAL ARC WIDTH.

* ASSIGN THE WIDTH OF ROAD ITSELF.
ROADW(1 8
ROADW(2
ROADW(3
ROADW(4
ROADW(S
ROADW(6

ROADW(?7 4
IF (ARCTP .NE. THEN
WIDTH IN + RMIN + ROADW(ARCTIP)
ELSE IF ARCTP

IDTH = RSADW(ARCTP)
END IF

gt
******************************************************k**********#*****

(R NENN]
&

* I. SUBROUTINE FOR COMPUTING COORDINATES FOR THE MINIMUM DISTANCE.
dedese e de de e sz s ek e s v e e e e e e e sk de e e e de ek e e e e s e e sk e e e e e e e ek e s e e s e e ok e

SUBROUTINE MIND(K,XM,¥M,XA,YA,LMIN,RMIN, XL, YL, XR, YR)

REAL LMIN

DIMENSION XAéQO;,YAéSO; .

DIHENSIg§ XL110 ,YL(10) ,XR(10) ,YR(10)
=

%8?71 BETWEEN 0 AND 89.9999 DEGREES.
Anﬁ XM .LT. 572958.0) THEN
1, K, K-1

* *

ANGLE OF INCLINAT
TAN(89.9999) = 57
IF ( XM .GE. 0.
80 J =

INY = YAiJ

IN: = XA(J

YL(MK) = ¥

*
INA = YL(HK§J) + SQRT( LMIN**2 / ((1./¥M **2)+1.))

74
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. * DSIN IS DISTANCE BETWEEN EACH ELEMENf

IF é!} .l i?? GO TO 80

ra - séi"? nnmi } ((1./YM *22)+1.))
na .x . 0 %nco TO 80

-+x1 RD( €, INA, INY,INX )
CONTINUE ;
ANGLE OF INCLINATION IS BETWEEN 90.0001 AND 179.99 DEGREES.

BLSE IF ( XM LT, THEN

DO 8 K, K-1
:m-v

JE
XA(J

- * R
§L(H§) ( éJ)o SQRTi LMIN**2 / ((1./YM **2)+1.))

0 81
¥§ MK) = %ﬁ(g?(+ sé§¥? gg}ﬁ**z ) ] ((1./¥M **2)+1,))
INA = YR(HK§ 0

IF ( INA .E %H 0 81
XR(MK) = XCORD( ,INA,INY.INR )
MK = MR + 1

CONTINUE
ANGLE OF INCLINATION IS 90 DEGREES.
ELSE IF ( XM .GE. %72958.0) THEN

DO 82 J =1, K, R-1

82 CONTINUE

E ' :
oo e ek sk e e e e Ik vk 7 v s e sl e e v e ek e e e v e ke e e v 2k sk e e e e s o ok v e 7k e e v s sl vl e vl v e e e e e e vl e e e ek s ek

* J. SUBROUTINE FOR COMPUTING THE RATE OF FLOW.
Feredededesse e vede sk ok ok sk sk e de ek e sk e e A e de e v e de e s e dede ek ek e e de e e sk e e de e e e ok ok ke

SUBROUTINE FLOW(SP ,WIDTH,ARCTP,CASE, FR ,MAXNO)

INTEGER  ARCTP
DIMENSION SP(7 é zg rn(s 5),DSTN(6) ,MAXNO(3,3)
DIMENSION Dw(3

DATA DS

5.,3./

2

5.,20.,5

I = ARCTP
*  ASSIGN DOCT%INAL WIDTH AND DEPJH OF BATTALION.

DW(l,1) = 1.
DD(1,1) = 3.
DW(1,2) = 0.005
DD(l1,2) = 4.
D¥(2,1) = 1.
DD(2,1) = 3.
DW(2,2) = 0.005
DD(2,2) = 4.
DW(3,1) = 1.
DD(3,1) = 3.
DW(3,2) = 0.006
DD(3,2) = 2.5
WIDTH1 = WIDTH / 1000.
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* coMr THE FLOW RATE.( BATTALION / HOUR )
Ir ?Tglgg .58. lnz :Hé?z
D J,K D(J.
20 CONTINUE lR(J.R; z SP? ; ®* WIDTH1 ) / D
Do 81 g = 1,2
IF(WIDTH .GE. 5.& THEN
WIDTHL = 08

pa

J‘ R) * DD(J,
m(.r x) 2 sr(x( n; * WIDTH1 ) / D
81 CONTI
ELSE :r ( casx .2Q. 2 ) THEN
no 83 Ka=l,2
IF(K "Y{, 2 .AND. WICTH1 .GE. 0.006) THEN
wioTH1 = 0.006 o
ELSE xréx :8Q. 2 .AND. WIDTHL .LT. 0.006) THEN
NI WIDTH1
' mu&xz ?( ; * WIDTHI ) / D
83 CONTI. me J

END IF

* COMPUTE THE MAX NUMBER OF ELEMENT IN MULTIPLE COLUMN FORMATION.
. IF ( CASE .EQ, 1 ) THEN

DO as KA =1,2
DO 85 KB = 1,2
IF( XB .EQ. 1
a wm'm / DSTN(XNA)
ELSE IF(KB .E 2
MAXNO (KA ) (NIDTH1 * 1100.) / DSTN(KNA)

END IF

KNA = KNA + 1
ELSE “comc{gg: EQ. 2 ) THEN

N~

KA =3
DO 86 KB = 1,2

::.;x xr;:s. : x{?g_}“&wmm / DSTN(XNA)
? xn) = (WIDTHL * 1000) / DSTN(XNA)

8s

END IF
KNA = KNA + 1
86 CONTINUE
END IF
RETURN

END '
e vie v v vk v e 7 e e v e e vk 7 v vie e v v vle v v e e vl v Ak e v v e e e e e e e vk v e ke v vk e e v vie ve v vl e e e v e e vie v v e o e e v e e e de e

* K. SUBROUTINE FOR COMPUTING THE MIN TRAVERSAL TIME ALONG THE ARC.
Rk ok sk ek desk ek dedeskdede sk sk desk ek ek dekod ek ek ek de e e sk et de ke desk ko ok dedeok deok Aok
SUBROUTINE TIME(ARCT?,SP,UNITF,CASE,DIST,WIDTH,ATIME)
INTEGER ARCTP,CASE ,UNITF
REAL KR
DIMENSION ATIME 3&,8?(7,3,2)
DATA KR .
* KR IS COEFFICIENT OF ROUTE AVAILABILITY.
I = ARCTP
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-~

-

B ?1 - n:s'rm/ 1000.
Dcsét Z:Q. 1%

ll!nl}ku) = ADIST /( KR * SP(I,KU,1))

%0 ELSE :ri CASE
ir 'ug(sf ADIS'r ] sp(1,3,1)
ELSE fr UNITF .EQ. 2
((gasxz.xq.q %nxn
DO 95 J =
. Amxunla) = ADIST / SP(I,J.K)
ELSE IF cas: ) THEN
( ux(s) = ADIST / SP(I,3.2)
0D aNb Ir
*  IF ARC wxnra IS LESS THAN MIN FORMATION NIDTH,
*  MAKE TME TIME BIG NUMBER.
BIG = 9.99
FORWV = 4.
FORWD = 2.

IF (NITE EQ. 1 )
IF( CASE 1) e
IF( Wb Ar soawv ) THEN
DO 97 KN =

1,2
ATIHE(KN) = BIG

97 NTINUE

END
ELSE IF QSK Eg &

IF( WIDTH .LT. FORWD ) THEN
ATIME(3) = BIG
END IF

END IF
END IF
RETURN

END
dekede ek A s e A e dede ek e s A AR e ek RS R AR AR A A AR A AR T e v v sk de e ek ek de e ek ek e e

* L. SUBROUTINE FOR PRINTING THE RESULTS.
ddk e Rk e A sk ek s ek ek e ko s de e e s s de s s sk e e s e e s e vk sk Ak ek e A e e de ek ok

SUBROUTINE PRT
%GER &L'fD +ARCTP,CASE, CODE, PRINT, UTMX, UTMY , UNITF,SPD

DIMENSION ALTD(100,100),NCODE(100,100 Nx;IO) ,NCODEX(10)
DIMENSION XNODE(90 Yuoos(eo) coos(o:
DIMENSION nxsra 90 g
DIMENSION HT(90 HT( ;, LO 3
DIMENSION Dzsra(ioo 100 .xaéloo , 10 0)
DIMENSION HT2(100,10 ) DHT2(100,100 snopzz{loo 100)
DIMENSION NO 90;,SL CH(90)
DIMENSION XL ,YL(10) ,XR(10), YRflO)
DIMENSION SP .2),FR§§.S L MAXNC(3,3)
DIMENSION ACTD gg.ATI (3

N.

DIMENSION ROADW
COMMON / INTS / NSTEP,IX1,IY1,TX2,IY2,JA,JB.K,NARC,NCOUNT,
* NODEA ‘NODEB, J1,J2.33, J4, PRINT  UTMX , UTMY,
* CASE ,ARCTP, FR,AD, UNITF,NSPCL
COMMON / INTA / NCODE,NO,ALTD,CODE ,MAXNO
. COMMON / SREAL / XM, ANGLE | DIST, TSLPCH ASLPCH,ALT1,ALT2,AVGSLP,
LMIN,RMIN,XL,YL,XR, ¥R, ¥M,RY WIDTH, THRES1, THRES2
couuou / AREAL / XA,YA,HT,DHL.DISTA.DISTB, snpcn SLOPE1, SLOBE2,
XB 3, narz SP,ACTD,ATIME, ROADW
orsn 2 UNIT = 10, FILE = 'NETW1'
OPEN ( UNIT = 20, FILE = 'NETW2'

L




*

700

701
730

731
91

732

738
93

738
740

741
742
750

751
24

752

753
754

756

OPEN ( UNIT = 25, FILE = 'NETA' }
OPEN ( UNIT = 26, FILE = 'NETR'

PRINT GENERAL INFORMATION FOR EACH ARC.

* ¥ %

* ¥

* X %

IF 4: RINT . la 1 ) THEN
HRI 46 70 } 700 gODIl,NODIB
I SRRV Il WH LR W

wﬁ IX 1',5%, ' IX2 IY
ITB%S o 1x1 191, 1%2,1v2, XM ANGL!
v, 1X,216.2X,216,1%,F8.4,78.2 zx riz 2.2%,F10.2)

§ .}. 71( '-'&54/ ,20X, 'SOME POINTS ALONG
gg ‘PO I§§°" i 5x "COORDINATE( X : ¥ )',SX, -Aerruns',/S

WRITE(G 731) HA.&A(HA) YA(MA) ,HT( g
FORMAT(' ', 3X,'POINT ',I13,8X,(',2F8.1,1X,')', F13.1)

CONTINUE
WRITEéG 732
é LAR (t-l) /'
7%, ' PO ITION ! éx 'DELTA H »5X, 'DISTANCE',&X, 'SLOPE',SX,

'Acrggn ggsrnnés §
wnxrz(s 733; ,MB+1, nurgun) ,DISTA(MB) , SLOPEL (MB) , ACTD(MB)
FORMAT (| X, 'POINT ° , I3, 2F12.1,F12.3,F12.1)
CON% INUE
WRITE(E,734)

FORMAT(! ',/,4%,71('="),/,
7X, 'POSITION ' 5X ' SLOPE" CHANGE')
DO’ 93 MC = 1.,R-2
WRITE§6‘735% MC, MC+1 SLPCR(HC?
v,3X, "BOINT .13,2X, Fll. 2)

CONTINUE

WRITE(6,738) TSLPCH,ASLPCH

FORMAT( | ,4X, 'TOTAL SLOPE cnaucx : ',F10.4

/., 4%, 'sznacs SLOPE CHG. : ',F10.4,/,4%,71('='})
§,740) NODEA,NODEB_

RMAT(' V,7,4%, 'NODE' T3 'y, ALTITUDE 1

4% uoos I3, ALTITUDE 2 |)
wartg§s 741£°anri

é X,FS 1 23X FS. 1)
WRITE( 74 AVGSL
FORMAT

TRR e 4K, ‘AV!RAGE SLOPE : 'L, E7.4,/.4%,71('=),/ )
FORMAT ' ISX ' SOME POINTS OFF ARC ( FROM EACH POINT ',
'ON THE ARC )',/,7X, 'COORDINATE ( X ¥ )',8X,'ALTITUDE',
X, ‘DELTA H' 4X ‘DISTANCE' 5%, 'SLOPE' ,/)
Nl =20
DO 94 JX = l,K -
N1l = N1+ 1
DO 94 JY = 1,NO(N1)
WRITE(6,751) JX,JY,XB(JX.JY),YB%JX,JY;,HTZ(JX,JY),
DHT2(JX,JY),DISTB(JX,JY),SLOPE2(JX,JY
- FORMAT(' ',3X,'POINT ',I2,' =i,I2,' (',2F7.1,1K,')',4F11.2)
CONTINUE
WRITE(6, 752) IN.RMIN IDTH

RMAT(' 7,/.4X,71('="%.7, 25%,'MINIMUM DISTANCE OFF ARC',

/4%, 'LEFT ' MIN DISTANCE ' ‘310 F8.1,
/. 4X. 'RIGHT MIN DISTANCE +!F8.1
'4X. 'ARC  WIDTH ' F8.1)
ITE( ,753)
r( "/, 2%, 'poxur 1',13%, 'POINT 2!

/ LEFT LEFT',4X,'X RIGHT ¥ RIGHT')
wnxrn(é 754)(\L(K) YL§K) ,XR(R), YR(K), K=1,2)
FORMAT / 4x POINT : ',4F10.1
sun POINT : ',4F10.1}
WRITE(6 756,

FORMAT (! ,/ 4x, 71('*'))
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760 7
* 4X, 71 -0)*‘} g* 'aool ', 12 si ', 12,
* gX) " lNGLl oxé ',
* “‘ X1 11%2
trz o 761 zxz irz X2, 1 LE,DIST
761  FORMA 1 215 sx 3#
WRITE 0.76 umi
762 v .cx.71$r-‘ zsx.*nxu:&ﬁu nzsranc: OFF ARC',
® /.4X, 'LEFT’ MIN'DI m&
® /.4X. 'RIGHT MIN DISTANCE .te.x.
® /.4X, 'NIDTH OF ROAD ITSELF .',re.x
* /) 4*"ARC IDTH ; ra.i,
* /.4x K s
* /74X, 'unrr TYEE' 4%, 'MISSION f!rt ,3%,
» "FLOW RATE', 3%, 'MAX #
Ir 6°cast .tg. 11 THEN
95 I3 = z
9s xn -
0 765) 1J,IK,FR(IJ,IR), naxno§xa.1x)
766 ,7%,12,9%,12,10%,F7.2,9X, 14)
9% comxm
ELSE IF ( c?sx .EQ. 2) THEN
DO 96 IK = 1
unxrn§zo,7éa& 1J,IK,FR(1J, xx& nmxuo IJ IR)
323 1,7%,12,9%.12,10%,F
rr
wn:rn 20, 75201
7620 gé X uu:r TY?! MIN TRAVERSAL TIME')
wnzrx 2 7660 K, ATIME(K
7660 { ?' % 12,9%, rs %)
950 :Nu:
ELSE IF § cas: EQ. 2) THEN
wn:rs*zo ,7680) IK am:uzs x)
7680 ,7X,12,9%,F9
END IF
wa:r:;zo +763)
763 ' é 27X, 'POINT 1! 13x 'POINT 2',
w‘ 24x 'R Y LEFT', 4X char ¥ RIGHT')
‘ ir:%éo 764) XL(I),YL(I) xntl)
764 é é NITIAL #o: 10 1)
wnxrs 0, 7é ) x§§n),vn(z (¢)‘
765 FORMA INT 1 1)
wa:r: 67)
767 (' ', /4R, 71( %))

*  PRINT COORDINATES OF BOUNDARY LINE.
ELSZ lI)g (_PRINT EQ 4 ) THEN

97 =1.2
XL Iﬁu = UTMX +(XL(IN) /1000.
YL INg = UTMY +§YL§ g /1000, z
XR(IN) = UTMX +(XR /1000,
97 cou%u IN) = UTMY +(YR(IN) /1000.
.7
ne BRI ERan o
775 § k 'NoDE !, 12, éi §

*  PRINT NETWORK DATA FOR canrnsxau SPACE NETWORK PROGRANM.
ELSE IF ( PRINT .EQ. THEN
IF( NODEA .GT. NOD B ) THEN

9
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TUNITF = UNITF i
. sr( 3anct, Nz: £ NTTF )

HRIT! 8741 o 4o gl .zbtz » NTIMR ,NFR,DST,WD,SPD
WRITE 25 874) NCOUNT, Dll DE2 ,NTIME,NFR,DST,ND, SPD
874 FORHLTS' ! 18 13,215,216,3X,%4.1,3X,F6.3,2X,14)
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APPENDIX D

COMPUTER PROGRAM FOR CARTESIAN SPACE NETWORK

This appendix contains the computer program used to support the algorithms in

Chapter [V.

PROGRAM NHET
N JULY 13, 1987 (13:00)
i NETWORX MAIN P
* SHORTEST PATH ALGORITHM
*

@

RRRARRAIAARAR  VARIABLE DECLARATION Aihrndnidiiis

INTEGER TAIL,HEAD TIME, FL
INTEGER CASE NTYPK, PARAN, SP UNITF,ROWSP
CHARACTER *

1 RESM
DIMENSION TAIL(150),.HEAD 150& TIHE(ISO&
DIMENSION FLOH 100 ,BIST(100 WIDTH(IO )
DIMENSION 0.100) L&RC(

DIMENSION Né 1.

DIMENSION INODE(1S0) JNODE(ISO) ARCOST(ISO)

DIMENSION zsp sgls
COMMON / I E.NTYPE,N,M, NARC, ISTART,LAST, PARAM,
NUMP , UNITF . NVEN ,NCOL , NROW , ROWS? , MINE,

NWD . NDP , NFORWD

comon/mn/rm.mnrm FLOW,LINK,LARC,NO,SP,
NODE , JNODE . ISPATH

COMMON / REALS/ src..va'm XLEN, PATHL , FORWD , FORDP , PRT

COMMON / REALA/ WIDTH,DIST,RESM

1).

SET THE INITIAL OPTIONS.

.

-

CALL OPTION (g%gg,UNITF.NCOL.ROHSP.PARAH,FORHD,NFORHD.

MINE
SET START NODE
ISTART = 1

SET THE LAST NODE
LAST = 34
TOTAL NUMBER OF ARC IN THE SECTOR
NARC = 72
TOTAL NUMBER OF NODE IN THE SECTOR
ODE = 34

- SET THE INITIAL CONDITIONS.

CALL INIT (ARCOST,NUMP,ISPATH,XLEN,ADJUST,PATHL,SPEED,
LINK, TPATH NNODE, B1G)

2).

READ THE DATA FROM THE DATA FILE.{(DATA 1, OR DATA 2 )

> X% X% %

DATA 1 ; ARCS AND CHARACTERISTICS FOR VEHICLE UNIT
DATA 2 ; ARCS AND CHARACTERISTICS FOR DISMOUNTED TROOPS

- DETERMINE ¥%%IABLS FOR READING INPUT DATA.( VEHICLE OR DISMOUNTED )

PARAM .Eg. 1 ) THEN
IF( CASE .EQ. 1 ) THEN
KUNIT = 1
ELSE IF g&SEz.EQ. 2 ) THEN
T =
END IF
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ELSE ir PARAM .EQ. 2 ) THEN
IT = 1

END IF

READ (KUNIT, 100, END~999) 2 TAIL& % HEAD{I) TIME(I)
; TLOW(I sr 5 t=1,NARC)
100 FORMAT(2X,I3,2I5,216,3 'F6.3,

SPECIFY THE WIDTH AND DEPTH OF UNIT FORMATION.
99 CALL FORMIN (NARC,CASE,UNITF,NCOL,ROWSP,PARAM,WIDTH, TIME,
* NROW,DIST, FLOW, FCRWD, FORDP , NVEH , NWD ,NDP)

(3). DETERMINE THE APPRCPRIATE VALUE FOR PARAMETER.

*
9
*
*
%*
*

DETERMINE THE VALUE OF PARAMETER WHEN THE MINEFIELD IS ON ARC.
IF (RESM .EQ. 'Y¥') THEN
IF (PARAM .EQ. 1) THEN ,
TIME(MINE) = TIME(MINE)* 4
END IF

END IF
* DETERMINEOEEE APPROPRIATE VALUE FOR PARAMETER
M = NARC
DO 10 - KA = 1,NARC
INODE?KA; = TAILéKA;
JNODE (KA HEAD
IF (PARAM EE THEN
(Ra) = TIME(KA)
ELSE .r (PA EQ 2) THEN
ARCOST(KA) = DIST(XA)
END IF :
0 CONTINUE

* 4 %

(4). DETERMINE THE MIN (PARAMETER) PATH.

CALL SHORTP (N,M,INCDE, JNODE, ARCOST, ISTART,LAST, BIG NUMP,
ISPATH, XLFN NP

* DETERMINE THE ARC MUMBER ALONG THE PATH.
b0 80 M3 = NARC
LINK(TAIL(MQ) HEAD(M3)) = NO(M3)
60 CONTIN
PATHL = 0.
00 70 MA = 1, NUMP-1
LARC(MA) = L;NK(ISPATH(MA), ISPATH(MA+1))
PATHL = PATHL + DIST{ LARC(MA) )
70 " CONTINUE

* WHEN 'PRT' IS 1.0, THERE IS NO FEASIBLE ROUTE TO GO.
IF (P%RAM .EQ. 1) THEN

DO 75 MB = 1,NUMP-1
ir (TIME(LARL\MB)) .GE. 999) THEN

END IF
78 C...TINUE
END It
* DETERMINE THE TOE%%EERAVgRSAL TIME FROM START NODE TO LAST NODE.

DO 80 MS =1, NUMP-1
SPEED = SPEED + (DIST(MS5) * SP(MS) / PATHL )
3C CONTINUE
ADJUST = FORDP / SPEE

. 17ATH = XLEN + ( ADIUST * 100. )

82

"’ AP AR AR AR A T L n A A AU L TN WA A B DR A A AT AR (R mmmmmmwm

PP




: (5). PRINT THE RESULT OF CALCULATION.

CALL PRNT
STOP

e i v e e v e i 2k e e vl e v e v e e e sk e e vl e e vk ok vk vk ek e v ek v ek e e e e ve ek v e e e de e sk e de e e e e e e e dede e ke e e ke

* A. SUBROUTINE FOR DETERMINING THE INITIAL OPTIONS.
TRk ARk AA kR AR ARRRRARRRARRN IR KA KRR R AR Rk dede A Aok ke ok ek ek

, SUBROUTINE OPTION (§§§§'U§§§§ NCOL, ROWSP , PARAM, FORWD , NFORWD ,
INTEGER CASE, PARAM, UNITF , ROWSP
CHARACTER *1 RESM

s RITE(603)
15 PRINT*, ' ' '
§§§N$:, ! WHICH TYPE OF PARAMETER DO YOU DESIRE?'
PRIgT*: t e e e e e e v e e e e e e vk T e e e e e v Fe e e e e e e e e vke
PRINT*, ! * *
PRINT*, ! * 1, MIN TIME PATH *
PRINT*, ! * * 1
PRINT*, ! * 2, MIN DISTANCE PATH *1
PRINT*, ° * 1
PRINT*, t *******************************l
READ(S,*) PRRAM
. PRINT;, *%* NOTE : FOR YOUR REFERENCE, CURRENT ANSWER IS',
IF ( PARAM .EQ. 1 ) THEN
GO TO 16
ELSE ég opggau .EQ. 2 ) THEN
ELSE ;gl PARAM .NE. 1 .OR. PARAM .NE. 2 ) THEN
. PRINT*, '*** ERROR : INTER THE NUMBER 1 OR 2 #*¥k!
: PRINT*, '
GO TO 15
END IF
16 WRITE(6,601)
601 FORMAT(' ',////7/1/)
;E;NT:, : WHICH TYPE OF UNIT DO YOU DESIRE? ( 1 OR 2 )
paigg*' t e e e vk e e e e T 9k e 7k e T e e e e ke e T e e e e e e e e e e 1
PRINT*, ! * *
PRINT*, ! * 1, VEHICLE UNIT L
PRINT*, ] * . s |
PRINT*, ! * 2, DISMOUNTED TROOPS * 1
PRINT*, ! * *
PRINT*, 1 e ok e v s o 7k e e e e ok e v e T e e T e Ae Fe A e e vk e v ek ok |
READ(5,*) CASE
. PRINT*, 'ggsgorz : FOR YOUR REFERENCE, CURRENT ANSWER IS',
IF ( CASE .EQ. 'l .OR. CASE .EQ. 2 ) THEN
GO TO 17
ELSE IF ( CASE .NE. 1 .OR. CASE .NE. 2 ) THEN
PRINT*, ! '
PRINT*, '*** ERROR : ENTER THE NUMBER 1 OR 2 *#%!
PRINT*, '
GO TO 16
END IF
17 WRITE(6,602)
602 FORMAT ( ',//////éé)
;g%g;:, ! ICH TYPE OF FORMATION DO YOU DESIRE? '
PRINT*: ] e 2ok e e e gk vk e e ke e sk sk vk 7 7 e e e ke e e s 7k 7k A e v ke e v ke e e K |
PRINT*, ! * *
83
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sneact i Al

PRINT*, ' * 1, MULTIPLE COLUMN FORMATION *'
PRINT*, * _ * 1
BRINT*, ! * 2. SINGLE COLUMN "FORMATION  *'
§§§§$*; ' R et feske ek sk e de ek e et de e e ek e ek |
READ(S,*) UNITF
, PRINT* ;;Iggrs : FOR YOUR REFERENCE, CURRENT ANSWER IS',
ég 4 ungrr .EQ. 1 .OR. UNITF .EQ. 2 ) THEN
PRINTELSE IF ( UNITF .NE. 1 .OR. UNITF .NE. 2 ) THEN
PRINT*, '*%*% ERROR : ENTER THE NUMBER 1 OR 2 **%!
PRINT*, ! |
co TO 17
18 IF (cass .z . % THEN
ITF .EQ. 1) THEN
604 §§§§§(? ' /////////
pgxgg:, ; ENTEA THE NUMBER OF COLUMN.(5, 10, 20)'
§R§NT*; ' Xk ok ok Kk Kk Kk kI
PRINT*, '
PRINT*, ' * * * v e e de il
PRINT* -
PRINT* 1 k ok * * b ] * *x1

READ(S *) NCOL

PRINT
WRITE(G 605)
605 FORMAT(' ',////1///])
gg%g%: \ ENTER THE DISTANCE BETWEEN EACH ROW.(75,50,28)!
PRINT* / * * * * | I ] * 1
PRINT* | . !
PRINT* ] * * *- X ] *t
PRINT*
PRINT* *
PRINT* !
READ(5, *) Rowsp
hLSE IF (UNITF .EQ. 2) THEN
6086 wnégi(? }////////

. PRINT*, ENTE
PRINT*
PRINT*
PRINT*
PRINT*
PRINT*,
PRINT* -
PRINT*, '
READ(S %*) ROWSP

END IF

ELSE IF (CASE .EQ. 2) TH
UNIP .EQ 1) THEN
WRITE(

614 FORMAT(! *,///
NT* ( // /////é% THE WNUMBER OF COLUMN. (10, 20, 50)!

J

L}
* * * ' % * *1

THE DISTANCE BETWEEN EACH ROW. (75,5",25)'

;

% * * % #* %* %!
%* o * e * s ;l
* b * %* ] t I *:

[
)

1
1
, 1 * * * s e * s
PRINT*, ' !
] * * * % * * %4
1 '
* * A * x * i

o5 DRSS
gg%g% ' : " éNTé& THE DISTANCE BETWEEN EACH ROW.(S,IO,IS)'
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LI * * * *

I T .
PRINT*, ! }*******.
® ) ]
;ﬁ{ﬁg*; . * * * * x %
PRINT*, ' !
READ(S *) ROWSP
ND IF
END I
20 WRITE% 607)
607 FORMA /////)
THERE ANY MINEFIELD ALONG THE ARC? (Y OR N)'
READ(S ! Alg RESM
ESM .E% ) N
PRINT* ! NTER THE ARC NUMBER OF MINEFIELD ARC'

READ(5,*) MINE
ELSE IF (RESM .EQ. 'N') THEN
MINE = 0

END IF : ;
RETURN %

- END
e e e e e e s e e e e Tk e e e e e ke e T ke e sk sk ke e sk e e ek e e e v Fe Rk e sk e e e ek A Ak R A ek Rk

* B. SUBROUTINE FOR DETERMINING THE INITIAL CONDITIONS.
*********************************i*************************************

SUBROUTINE INIT(ARCOST NUMP, ISPATH, XLEN,ADJUST , PATHL, SPEED,
LINK,TPATH, NNODE ,BIG )

DIMENSION ISPATH(50),ARCOST(100)
DIMENSION LINK(100,100)

BIG '= 1.0E10
NUMP = 0

(4]
o
g}
=1
o
HHO I WBO
O
il

10 CONTINUE

20 CONTINUE

50 CONTINUE

END
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* C. SUBROUTINE FOR DETERMINING THE FORMATION WIDTH AND DEPTH.
Rk Rk AR R Rk Rk koo kR ke sk ko ook deos koo

SUBROUTINE FORMIN (NARC,CASE,UNITF,NCOL,ROWSP, PARAM WIDTH,TIME,
NROW,DIST, FLOW, FORWD, FORDP , NVEH, NWD, NDP)

INTEGER TIME  FLOW
INTEGER CASE , PARAM, UNITF ,ROWSP
g%ggNSIggg TIME (100), FLOW(léO) DIST(100),WIDTH(100)

*

: (A). DETERMINE THE FORMATION WIDTH OF A UNIT OF MOVEMENT.
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IF( ChsgvﬁgQ 1 ) THEN

If UNITF . 1
( NSEH )NCOL
COL P = 25, O

FORWD §(NCOL-1) * COLSP) / 1000
BLSE IF( uurr 2') THEN

NCOL = NVEH / NROW
COLSP = 4.0
FgRWD = (NCOL * COLSP) / 1000

I
) FORDP = ((NROW- ) * ROWSP) / 1000
ELSE IF( CASE .E THEN

* WHEN UNIT IS gULTIPLE COLUMN FORMATION, THE FORMATION WIDTH
* WAS ENTERED,
IF ( UNITF 1 ) THEX
NMEN =" 1000
NROW = NMEN / NCOL
COLSP = 5.0
FORWD

= (NCOL * COLSP; / 1000.
FORDP = (NROW * ROWSP) / 1000.
ELSE IF ( UNIgFoégg' 2 ) THEN

FORWD =

FORDP = 2.5 .
END. IF

NWD = FORWD * 1000

NDP = FORDP * 1000
N END IF

: (B) . ASSIGN BIG NUMBER WHEN ARC WIDTH IS LESS THAN FORMATION WIDTH.

DO S0
IF (PARAM .E ;
IF (WID I T. FORWD) THEN
HE( = BIG
: END IF
END IF
50 CONTINUE
RETURN
END
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* D. SUBROUTINE FOR DETERMINING THE SHORTEST PARAMETER PATH.

e 3 e e e e 7 e T i e s e v e e T e T e e s e e ek 7 v s e T ek e T e e Fe e e T Tk e Ak A vk e v e e v e e e vk e Fe e e de e de ek

LSUBROUTINE SHORTP (N M, INODE , JNODE ,ARCOST, ISTART , LAST,BIG,NUMP,
ISPATH, XLEN,NP }

* MINIMUM PATH
* FIND A SHORTEST PATH BETWEEN TWO GIVEN NODES

INTEGER INODE(M), JNODE(M), ISPATH(N).
REAL WK& ,ARCOST (M)

LOGICAL IWORK1234; ,IFIN

DIMENSION IWORK2(34

IWORK3(34), WK4§34)
* 34 . NUMBER OF NODES IN NETWOR
po 10 TI=1,N

WR4(II = BIG

IWORK élg = ,TRUE.

INORK2(I) = 0
10 CONTINUE

WK4(ISTART a 0.

I = ISTAR
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IWORK1 (ISTART) = ,FALSE.
NP = 0
XLEN = 0.

(A) FOR EACH FORWARD ARC ORIGINATING AT NODE I CALCULATE THE LENGTH
OF THE PATH TO NODE I.

*¥N %

[

0 IC = 0
DO 30 K=1M
IF (INODE(K) LEQ- I) THEN
IC = IC +
IWORK3 Ic; = K
ISPATH(IC) = JNODE(K)
I (Nooe K) .EQ. I) THEN
§c = fc +1
IWORK3 (IC

= K
Israruzxc; = INODE(K)
END IF
30 CONT

INUE

IF (IC .GT. 0 ) THEN
DO 40 L'=

K = Iwoaxéi ;

J = ISPATH(L

IF (IWORKI(J))

"l .x.%‘.‘c?eﬁﬁﬁ’é}) THEN

J% =D
IWORK (3) =
IF

40 CONTINUE
* END IF

: (B). FIND THE MINIMUM POTENTIAL.

D = BIG

IENT =

IFIN = .FALSE.
DO 50 I =

1
IF (Iwoaxllx)) THEN
IFIN = .TRUE.
IF (wx4(r) i%§ D) THEN

IENT 3 I
END IF
END IF
iO CONTINUE
: (C). INCLUDE THE NODE IN THE CURRENT PATH.

IF (D .LT BIG) THEN
§TENT =,FALSE.
IF IE . LAST) THEN

IF (IFIN) THEN
NP = 1

RETURN
END IF
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END IF
IJ = L&ST

o PR

IJ' INODE(R)
IF

NUHP NUMP +
ISPA TH(NUMA& = 1J
IF (IJ .NE. ISTART) GO TO 60
L = NUMP / 2

70 J =
XLEN = HK4(LAST)
RETURN
END

***********************************************************************

* E. SUBROUTINE FOR PRINTING THE RESULTS OF CALCULATION.
***********************************************************************
SUBROUTINE PRNT ‘

INTEGER  TAIL,HEAD,TIME,FLOW
INTEGER casgtnva PARAM, SP, UNITF , ROWSP

CHARACTER *1 RESM
DIMENSION TAIL 150;.HEAD$150 , TIME 150&
DIMENSION FLOW(100),DIST(100 WID (100)
DRMENSION LINK{100,00) (5AR
g§§2§§§8§ §§ DE %ggz,auogn(1so) ancosr(lso)
COMMON / INTS / CASE,NTYPE,N,M,NARC, ISTART,LAST , PARAN,
* NUMP | un:gr Nggﬂ ,NCOL , NROW, ROWSP , MINE
COMMON / INTA / TAIﬁ HEAD, r:un FLOW, LINK, LARC,NO, SP,
* NODE , JNODE

ATH
COMMON / REALS/ axc TPATH xisu PATHL , FORWD , FORDP , PRT
COMMON / REALA/ WIDTH,DIST RESM

OPEN iunrr = 10, FILE = 'TIME'

OPEN (UNIT = 20, FILE = 'DIST'

*

: (A). PRINT THE RESULTS FOR MINIMUM TIME PATH.

IF (PARAH E 2
b

711 §§§§§§3ngﬁ§§' '),/,5%,'MIN TIME PATH',/,5K,15('='))
- » ol 0 ’ -
IF (CASE EQ. 1 fﬁn
WRITE( 6,712) NROW,NCOL,ROWSP
WRITE(10,712) NROW,NCOL,ROWSP
712 FORMAT(' ' ',4 'VEHICLE UNIT 4 ,5X, 'FORMATION :',13,
* v Rowé £3,' COLUMNS',/,17%, 'Row SPACE',

* ELSE IF (casz 'zut 2ﬁ
= FORW Q* 1300

Nbp = FORDD * 100
IF (UNITF .EQ. 1) O raEN

* ¥




n3 FOQHA

*%
S
]

714

- END IF

721 FORMAT vINE FIELD ( ARC NUMBER :',I3,')’',

N
[
W [1,} M
—A
-’-‘
[ le)
i

2
722 FORMA ( X, 'NO MINE FIELD ARC',/,5X,35('~')) s

* WHEN PRT EQUALS 0.0, THERE IS A FEASIBLE ROUTE TO GO.
IF (¥§T ‘§86 0.0) THEN
=

ISUMT = XLEN / 100
NXLEN = XLEN
= ( MOD( NXLEN, IY ) * g0 ) / 100
3 ISUMT, MSUMT
ISUMT, MSUMT
731 FORMA' (' 's%. SUM OF TRAVERSAL TIME :
* 13 2X, 'HOUR',I5,2X, 'MINUTE')
ITHR = TPATH / 100
NTPATH = TPATH

MINUT § nen( NTPATH, IY ) * 60 ) / 100
WRITE( 6, 732; MINUT
. . WRITE(10,732 ITHR MINUT
. 732 FORMAT(' ',/,5X, 'TOTAL TRAVERSAL TI ME
* I3,2%, 'HOUR',IS,2X, nrnuws')
WRITE 5,7333 PATHL
WRITE(10.,733) PATHL
733 FORMAT(' *',/,5X, 'TOTAL parn LENGTH 2 ',
* F7.2,2%, 'KM')
WRITE 5.7343
WRITE(10,734
734 FORMAT(' ',/,5X, 'NODE NUMBER ALONG MIN TIME PATH ')
- WRITE s,735§ 1. ISPATH 13 T =1, NUMP
WRITE(10.735)(T.ISPATH(I), T =1, NUMP
735 ORMAT(10X,13,3%,13)
WRITE 6.736;
WRITE(10,736
736 FORMAT(' ',/,5X,' ARC NUMBER ALONG uzu TIME PATH ')
wa:raé 6,750 éI.LARC I; I =1, NUMP-1
- WRITE(10.750) (I .LARC(I =1! NUMP-1
7% FORHATélOX.I L3%.13)
WRITE(®,760) XLEN
760 FORMAT( | ',/,sx?érggan NUMBER ALONG MIN TIME PATH :',
*  WHEN PRT EQUALS .0, THERE IS NO FEASIBLE ROUTE TO GO.
, ELSE IF (PRT .EQ. 1.0) THEN
WRITE( 6,74
WRITE(10| 741
741 FORMAT(/,5X, 'THERE IS NO FEASIBLE ROUTE TO GO.')

END IF
*

: (B). PRINT THE RESULTS FOR MINIMUM DISTANCE PATH.
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811 ¥Fo

ir {
21} MINE
21) MINE .
821 X,'1 MINE FIELD ( ARC NUMBER :',I3,')',
* /,5%,35('=1))
ELSE IF (RES 53. 'NT) THEN
223 -
822 X, 'NO MINE FIELD ARC',/,5X,35('='))
END IF
WRITE
WRITE(20,8
831 FORMAT(" , '"NODE NUHBER ALONG MIN DISTANCE PATH ')
. WRITE ISPATR I), I =1, NUMP
WRITE ,ISPATH(I), I =1 NUMP
832 FORMA' X,13)
WRITE
WRITE
833 FORMAT X,' ARC NUMBER ALONG MIN DISTANCE PATH ')
WRITE I,LARC(I;, T =1, -1
WRITE I'LARC(I), I =1, NUMP-1
834 FORMA 3%,13)
WRITE XLEN !
WRITE XLEN j
860 FORMAT XFéTOTALKgI§TANCE ALONG MIN DIST PATH :',
END IF
* PRINT THE INPUT DATA FOR CHECKING. .
3§§%§§2 3%3 (NO(I TAIL(I) rzun(r) FLOW(I)
* § ¥ lgr).sp(B
IF (PARAM LEQ. ]
MU = 10
ELSE §5 (panan .EQ 2) THEN
END IF
waxrzénu ,921 3
WRITE (MU, 920 (NO % TA:L(:),Hnansxg TIHE&I) ,FLOW(I),
* § WIDIH(I),SP(T
%21 | FORMAT(' ! // M AL’ 'HEAD TIME FLOW DIST',
320 FORMAT(2X, 13, z:s 236 3x E4.1 3X,F6.3,2X,14)
i




APPENDIX E
COMPUTER EXEC PROGRAM

This appendix contains two computer exec programs used to support the
algorithms in Chapter III and IV,
SINGLE ARC EXEC PROGRAM

This exec program is used for the computer program for single arc attributes.

&TRACE OFF '
&TYPE Please provide the FILENAME for your VS FORTRAN program.
&READ VAR &FN

&TYPE Do you need to compile your program ? (Y)
&READ VAR COMPILE

&IF &R_COMPILE NE Y &GOTO -RUN

-H FORTVS &FN

&IF &RC EQ O &SKIP 9 .

&TYPE Your program did not compile; check for errors.

&TYPE Do you wish to XEDIT the program file? (Y)

SREAD VAR &RESPL

&IF &RESPl NE Y &EXIT 1

&COMMAND XEDIT &FN FORTRAN A

&TYPE Do you wish to run the program again? (Y¥)

&READ VAR &RESP2

g§§1%n§spz EQ Y &GOTO =H

=-RUN &TYPE Do you wish your INPUT to be from the terminal? (¥)
&READ VAR &IN

&IF &IN NE Y &GOTQ -RUN2 )

-INPUT_FILE FILEDEF 01 DISK NB71 DATA Al

-INPUT_FILE FILEDEF 02 DISK NBNOD1 DATA Al

=INPUT_FILE FILEDEF 03 DISK NBARC1 DATA Al

-INPUT_FILE FILEDEF 04 DISK SPEED DATA Al

FILEDEF 05 TERMINAL |

-RUN2 &TYPE Do you wish your OUTPUT to go to the terminal? (¥)
&READ VAR &OUT

&IF &UT NE Y &GOTO =-OUTPUT_TILE

&GOTO -LOAD -

-QUTPUT_FILE FILEDEF. 06 DISK &FN OUTPUT A (LRE"y 133

-LOAD LOAD &FN (START

&IF &RC EQ O &SKRIP 9

&TYPE Your program did not run correctl¥; check for errors.
&TYPE Do you wish to XEDIT the program file? (Y)

SREAD VAR &RESP3 :

&IF &RESP3 NE Y &EXIT 2

&COMMAND XEDIT &FN FORTRAN A .

&TYPE Do you wish to run the program again? (¥)

&READ VAR SRESP4

&IF &RESP4 EQ Y &GOTO -H

&EXIT 2

&IF &UT EQ Y &GOTO -REDO

&TYPE Your output is in the file &FN OUTPUT A
&TYPE Do you wish to BROWSE your output? (Y)
&READ VAR &RESP

&IF &RESP EQ Y &COMMAND BROWSE &FN OUTPUT A

&TYPE Prant Eour output file? (V)

S&READ VAR SP?

&%EDgRESP7 EQ Y &COMMAND PRINT &FN OUTPUT A

&TYPE Do you wish to XEDIT the program file? (¥/N)

91

ACE % A T L R N & SMae LM ) A& Sk e f ML den & Ml s st A e ek e m e mss e s = s




6READ VAR &RESPS :

&IF &GRESPS EQ Y XEDIT &FN FORTRAN A

&TYPE Do you wish to run the program again? (Y)
&READ VAR &RESP6

&IF SRESP6 EQ Y AND &RESPS EQ Y &GOTO -H

&IF %RISPS EQ ¥ &GOTO -RUN

NETWORK EXEC PROGRAM
This exec program is used for computer program for Cartesian space network.

&TRACE OFF

&TYPE Please provide the FILENAME for your VS FORTRAN program.
&READ VAR &FN ‘

&TYPE Do you need to compile your program ? (¥)

&READ VAR &R_COMPILE

&IF &R_COMPILE NE Y &GOTO <RUN

-H FORTVS &FN .

&IF &RC EQ O &SKIP 9 ;
&TYPE Your program did not compile; check for errors. g
&TYPE Do you wish to XEDIT the program file? (¥) ]
&READ VAR &RESP1 :
&IF &RESP1 NE Y &EXIT 1

&COMMAND XEDIT &FN FORTRAN A .

&TYPE Do you wish to run the program again? (Y)
&READ VAR &RESP2

&IF &RESP2 EQ Y &GOTO -H

&EXIT 1

-RUN &TYPE Do you wish your INPUT to be from the terminal? (¥)
&READ VAR &IN

&IF &IN NE Y &GOTO =-RUN2

-INPUT_FILE FILEDEF 01 DISK NETA DATA Al

-INPUT_FILE FILEDEF 02 DISK NETB DATA Al

FILEDEF 05 TERMINAL

-RUN2 &TYPE Do you wish your OUTPUT to go to the terminal? (Y)
&READ VAR &OUT )
&IF &UT NE Y &GOTO -OUTPUT_FILE

&GOTO -LOAD

~OUTPUT_FILE FILEDEF 06 DISK &FN OUTPUT A (LRECL 133
-LOAD LOAD &N (START

&IF &RC EQ O &SKIP 9

&TYPE Your program did not run correctl¥~ check for errors.
&TYPE Do you wish to XEDIT the program file? (¥)

&READ VAR &RESP3

&IF &RESP3 NE Y &EXIT 2

&COMMAND XEDIT &FN FORTRAN A .

&TYPE Do you wish to run the program again? (¥)

&READ VAR &RESP4

&IF &RESP4 EQ Y &GOTO -H

&EXIT 2

&IF &OUT EQ Y &GOTQ -REDO .

&TYPE Your output is in the file &FN OUTPUT A

&TYPE Do you wish to BROWSE your output? (¥)

&READ VAR &RESP

&IF &RESP EQ Y &COMMAND BROWSE &FN OUTPUT A

&TYPE Print your output file? (Y)

&READ VAR &RESP?

&§§D3R55P7 EQ ¥ &COMMAND PRINT &FN QUTPUT A

&TYPE Do you wish to XEDIT the program file? (Y/N)

S&READ VAR S&RESPS

&IF &RESPS EQ Y XEDIT &FN FORTRAN A

&TYPE Do you wish to run the program again? (Y)

&READ VAR &RESP6

&IF &RESP6 EQ Y AND &RESPS EQ Y &GCTO -H

&IF %RESPG EQ ¥ &GOTO -RUN
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APPENDIX F
'UNIT TYPE AND FORMATION

Table 18 shows the integer value and the unit type it represents.

TABLE 18
TYPE OF UNIT
Integer Value Type of Unit
1  Tracked Vehicle
2 Wheelad Vehicle
. 3 Dismounted Troops

Table 19 shows the integer value and the unit formation it represents.

TABLE 19
UNIT FORMATION
' Integer Value Unit formation
1 Deployment A
( m%l?:gle column )
2 Undeployment
( single column )
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APPENDIX G
RATING CONE INDEX

Figure G.1 shows an exampie of how the rating cone index can be used [Ref. 4: p.

20]. .
; i
MAXIMUM MAXIMUM
:Eg;&l ABLE Critena lor seif-propeiled vehicies on fine-grained 's‘tg;; ABLE

i (PER CENT) s0is and sand with fines, mom dravied. (PER CENT).
70 [ T T 70
TRACRED VEMICLES wilp s
’__.—-—‘ .
. GROUSERS GREATER THAN 1% !y oot
60 / *é_‘— 60 L .
TRACKED VEWICLES WIIN GROUSERS
LESS THAN 1% j
. /Zf/ el g \ . :
/ WHEELED VENICLES . .
40 p— 7 r/ —— 0 R
//' / | NOTE. % Slope Nepotiable:
30 Ly 30 increases little abgve 50%
/ / I i when soil strength ncreases
R I ' trom +50 to +100
20 J / ll 20/ )
0 Z i ] {10
VEWICLE CONE INDEX J | { T :
0 ! ! P

' 0
0 +10 +20  +30 0 (+50) +60  +10  +80 +%0 @

-

RATING CONE INDEX-POINTS ABQVE VEHICLE CONE 'NOEX

Figure G.1 Rating Cone index.
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